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INSTITUTE NEWS AND RADIO NOTES

February Meeting of the Board of Directors
The regular monthly meeting of the Board of Directors was held

on February 3 in the Institute office and those present were H. H.
Beverage, president; Melville Eastham, treasurer; E. H. Armstrong,
Ralph Bown, Alfred N. Goldsmith, Virgil M. Graham, L. C. F. Hoyle,

C. B. Jolliffe, A. F. Murray, E. L. Nelson, Haraden Pratt, B. J.
Thompson, H. M. Turner, and H. P. Westman, secretary.

Seventy-five applications for Associate membership, two for Junior,

and ten for Student grade were approved.
The personnel of the committee to have charge of the preparations

for our Silver Anniversay Convention was approved.
Some additional committee appointments were made to complete

the personnel of all standing committees.
The secretary was instructed to have included in the Year Book an

alphabetical list of the names of all Fellows of the Institute and another
list of all Members. This should be of convenience in locating the names
of suitable sponsors for applications for higher grades of membership.

The Secretary's Report for 1936 was approved and excerpts of it
ordered included in the 1937 Year Book for the information of the
membership.

The Auditor's Report for 1936 was accepted.
A committee composed of Messrs. Thompson, Goldsmith, and

Wilson was appointed to prepare suggestions for rules to govern an
annual award for the best paper published in the PROCEEDINGS.

The possibility of a joint meeting being held with the American
Institute of Electrical Engineers during their convention in Spokane,
Washington, late this summer to be participated in by our three Pacific
Coast Sections was favorably considered.

It was agreed that in the future the annual reviews of radio which
during the past three years have been presented before New York
meetings of the Institute would be restricted to publication in the
PROCEEDINGS only.

Joint Meeting of the Institute and the American Section of the
International Scientific Radio Union

The annual joint meeting of the Institute of Radio Engineers and
the American Section of the International Scientific Radio Union will
be held in Washington, D. C., on April 30, 1937. This all -day meeting
is an important feature of the week which attracts to Washington every
year an increasingly large number of scientists and scientific societies.
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Papers on the more fundamental and scientific aspects of radio will be
presented. Titles of papers offered for this program should be submitted
immediately. It is desirable but not necessary that abstracts be sub-
mitted with the titles. An abstract will be required by March 20. The
program, with abstracts, will be mailed to those interested before the
meeting. Correspondence should be addressed to Mr. S. S. Kirby,
National Bureau of Standards, Washington, D. C.

Radio Emissions of Standard Frequency

The National Bureau of Standards provides standard frequency
emissions from its station WWV at Beltsville, Md. On each Tuesday
and Friday the emissions are continuous unmodulated waves and on
each Wednesday they are modulated by an audio frequency, generally
1000 cycles. There are no emissions on legal holidays.

On all schedules three radio carrier frequencies are transmitted as
follows: noon to 1 P.M., Eastern Standard Time, 15,000 kilocycles; 1:15
to 2:15 P.M., 10,000 kilocycles; and 2:30 to 3:30 P.M., 5000 kilocycles.
The accuracy of these frequencies will at all times be better than one
part in five million.

During the first five minutes of each transmission announcements
are given of the station call letters, the frequency of transmission, and
the frequency of modulation, if any. For the CW emissions, the an-
nouncements are in telegraphic code and are repeated at ten-minute
intervals. For the modulated emissions, the announcements are given
by voice only at the beginning of each carrier frequency transmission,
the remainder of the hour being an uninterrupted audio frequency.
The CW emissions are from a twenty -kilowatt transmitter and the
modulated transmissions are from a one -kilowatt set.

Information on how to utilize these signals is given in a pamphlet
obtainable on request from the National Bureau of Standards, Wash-
ington, D. C. Reports from those using this service will be welcomed
by the Bureau. As the modulated emissions are somewhat experimental
it is particularly desired that users report their experiences outlining
methods of utilization, information on relative fading intensity, etc.,
on the three carrier frequencies and preferences as to the audio fre-
quency to be furnished.

Institute Meetings
ATLANTA SECTION

The following four meetings of the Atlanta Section were held at
the Atlanta Athletic Club. The September 17 meeting at which I. H.
Gerks, chairman, presided was attended by nineteen.
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A paper by H. L. Wills, consulting engineer, was presented on "An
Experimental Laboratory for Electrical Instruments." The various
standards and instruments used in the laboratory were discussed as

were the testing, repairing, and calibrating of various types of alter-

nating- and direct -current instruments. Detailed information was given

on the design and calibration of a beat -frequency oscillator. The paper

was closed with a brief résumé of the author's experiences in machine

and electrical shops and in his consulting engineering practice. The

paper was discussed by Messrs. Bangs, Gerk, Owens, and Shropshire.

The October 15 meeting of the section was held jointly with the

Atlanta Section of the American Institute of Electrical Eng'neers and
was presided over by J. H. Persons, chairman of that section. There

were forty present.
S. R. Durand of the rectifier division of the Allis-Chalmers Manu-

facturing Company presented a paper on "Steel Tank Grid -Controlled

Mercury -Arc Power Tubes." The rectifiers described are used for con-

verting alternating current to direct current for various industrial,
transportation, and radio purposes. A general description was given of

the rectifier, vacuum pumps, ignition excitation equipment, vacuum
seals, methods of construction, cooling, and circuit connections. The
function of the control grid was discussed and in radio service it is
useful for clearing flashovers in the transmitter or antenna and per-
mits restoring service in a few cycles. The paper was discussed by

various members present.

The November 19 meeting was attended by fourteen and presided

over by Chairman Gerks. "Teletypewriter Exchange Service" was the

subject of a paper by N. B. Fowler of the American Telephone and

Telegraph Company. It included an outline of the nation-wide system
with a description of the switchboards, the equipment and signaling
functions, and the transmission network interconnecting the switching

points. The engineering considerations involved in designing switch-

boards and interconnecting trunk circuits 'were discussed. The trans-
mission theory of start -stop teletypewriter telegraph circuits was de-

veloped and the various sources of distortion enumerated. Their effects

on transmission were outlined. The paper was discussed by Messrs.

Bangs, Gerks, Owens, and Reid.

On December 17, Chairman Gerks presided over a meeting of the

section which was attended by sixteen.
A. W. Shropshire, transmitter engineer of WSB, presented a paper

on the "Design of a Thirty -Seven -Megacycle Mobile Transmitter."

The equipment was designed for- broadcast pickup work and the power
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supply was the limiting factor on its portability. A six -volt dynamotor
supplies the power. A crystal oscillator operating near six megacycles
is followed by a tripler and a doubler to multiply the frequency to the
desired value. The push-pull final amplifier delivers about ten watts
through a special coupling circuit into a coaxial transmission line which
feeds a quarter -wave vertical antenna mounted on the bumper of an
automobile. Combination plate- and screen -grid modulation is em-
ployed. The speech amplifier gives a ninety -decibel gain and is used
with a dynamic or velocity microphone. Between eighty-five and ninety
per cent modulation is obtained. The usable coverage range was found
to be between five and six miles. The paper was closed with a descrip-
tion of some experiments with directive antennas. The transmitter was
available for inspection, and operated into a dummy antenna.

BOSTON SECTION

The October 23 meeting of the Boston Section was held at Harvard
University and was presided over by E. L. Bowles, chairman. There
were fifty in attendance.

"A Report on Ionosphere Measurements During the Total Eclipse
of June 19, 1936" was presented by H. R. Mimeo, P. B. King, Jr., H.
Selvidge, J. A. Pierce, E. P. York, and J. C. Cook, all of Cruft
Laboratory, Harvard University. It concerned the activities of the
radio section of the Harvard University-Massachusetts Institute of
Technology Eclipse Expedition to Ak-Bulak, U.S.S.R. Professor
Mimno introduced the subject by outlining the general problem, and
recalling the work done at the eclipse of 1932. It was pointed out that
the differences in path between any hypothetical corpuscular eclipses
in 1932 and 1936 made the measurements of 1936 particularly useful
in determining the possibility of corpuscular activity. Mr. King then
described the records obtained by the two fixed frequency transmitters.
The original records were shown and a comparison made with similar
records made in 1932. Mr. Pierce then discussed the records made by
the variable frequency transmitter. A three-dimensional model was
displayed, showing the combined data of the fixed and variable fre-
quency runs superimposed on the data for a normal day. The data
clearly showed the effect of the eclipse and the conclusion was drawn
from a preliminary analysis that there was no evidence of any im-
portant contribution of corpuscular activity to the ionization in the F
region, the eclipse effect being due to a decrease in the ultraviolet
light from the sun. The effect of the world-wide magnetic disturbance
of June 19 and 20 was shown on the data, but it was pointed out that
this did not seriously affect the value of the results. It was stated that
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a more complete analysis of the records would probably yield addi-

tional information of considerable value as the material presented was
in the form of a preliminary report. Mr. Selvidge discussed some of the

experiences of the expedition and showed numerous colored slides taken

during the expedition's stay in Russia.

The November 20 meeting held at Harvard University and pre-
sided over by H. W. Lamson, vice chairman, was attended by fifty.

"The Use of Radio in Geographical Exploration in Foreign Lands"

was the subject of a paper by T. S. McCaleb, a member of the faculty

of the Institute of Geographical Exploration of Harvard University.
It was concluded with a demonstration of standing wave patterns from

a high -frequency transmitter. Messrs. Hunt and O'Neill discussed it.

Professor Bowles presided at the December 18 meeting of the sec-

tion held at the Massachusetts Institute of Technology and attended
by 100.

"Engineering Activities of a Large Broadcast System" was the sub-

ject of a paper by H. A. Chinn, assistant to the director of engineering
of the Columbia Broadcasting System. The author outlined the or-
ganization of the engineering department of the Columbia Broadcast-
ing System with specific reference to the functions, the duties, and the
problems that are encountered by the various engineering divisions.
The presentation covered the activities of the groups that are responsi-
ble for daily technical obligations and those groups that design, as-
semble, install, and test the radio, audio and experimental facilities. A
general discussion of the paper was participated in by Messrs. Chaffee,

Lamson, and Mimno.

BUFFALO -NIAGARA SECTION

A meeting of the Buffalo -Niagara Section was held on January 27
at the University of Buffalo with K. B. Hoffman, vice chairman, pre-
siding. There were sixty-one present.

R. F. Field of the General Radio Company presented a paper on
"The Development of Direct Reading Methods." It concerned the
development of various instruments to permit direct reading of the
units desired without reference to calibration curves or charts. This
is desirable as it reduces the time required for experiments and po-
tential errors in them. There was introduced complicated forms and
shapes of stationary and movable instruments. Numerous views of
measuring instruments and their parts, were shown and described.
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Scales are much improved to avoid crowding of marker lines and in-
genious multipliers designed to simplify and to eliminate confusion or
complication in use. A general discussion followed.

CHICAGO SECTION
On January 22 a meeting of the Chicago Section was held in the

LaSalle Hotel with J. K. Johnson, chairman, presiding. The meeting
was attended by ninety-one.

H. H. Beverage, chief research engineer of the RCA Communica-
tions, Inc., and president of the Institute presented a paper on "Some
Notes on the Propagation of Ultra -High Frequencies." Many data on
field strengthversus height were given. They were obtained by measuring
in an airplane the transmissions from the Empire State building. It was
pointed out that the signal reflected from the ground was 180 degrees
out of phase with the direct signal and therefore nearly cancels it when
both transmitter and antenna are on the ground. As height increases,
the signal increases to a maximum and then passes through successive
maxima and minima values. The reversal of phase at reflection occurs
at ultra -high frequencies with either vertical or horizontal antennas
because of the dielectric characteristics of the earth or water. The
propagation characteristics with vertical or horizontal antennas are
quite similar. Propagation in this range is classified into direct waves,
reflected waves, and sky waves. Sky waves usually absent, occasionally
appear for a few hours. More data on this subject are needed for theo-
retical purposes. The sky waves are of doubtful commercial value. The
paper was discussed by Messrs. Andrew, Crossley, Harper, Kohler, and
Million.

CINCINNATI SECTION

Forty-four attended the January 19 meeting at the University of
Cincinnati of the Cincinnati Section. G. F. Platts, chairman, presided.A paper on "Patent Law for the Radio Engineer" was presented by
Marston Allen of Allen and Allen. He described first the meaning of apatent as interpreted by our government. The relationship of the
patentee and the government was outlined and the importance of
claims emphasized. Infringement of patent rights, its seriousness and
complications were discussed. The differences in patent law practice inthe past and present were disclosed. In the early days the claims of an
application described the patent and a working model was also neces-
sary. Now, practice is based on rules, exceptions to the rules, and ex-
ceptions to the exceptions. He clearly differentiated between invention
and mere scientific or engineering application. In the radio field he indi-
cated the necessity of confining an application to a particular phase of
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the art and how the breadth of invention is becoming more and more

narrow. Various points were illustrated and he related numerous in-
teresting experiences. The paper was discussed by a large number of
those present.

CLEVELAND SECTION

R. A. Fox, chairman, presided at the January 29 meeting of the
Cleveland Section which was held in the Case School of Applied Science

and attended by sixteen.
J. F. Byrne, associate professor of communication engineering at

the Ohio State University presented a paper on "Nighttime Propaga-
tion at Broadcast Frequencies." This paper was presented before the
engineering hearings of the Federal Communications Commission which

started on October 5.
Of 100,000 questionnaires sent to rural listeners to obtain the order

of preference of their favorite stations, between thirty and forty thou-
sands were usable and in conjunction with the reports of the Federal
Radio Census Takers formed the basis of a cleared channel survey. The
field intensities of forty cleared channel stations were measured and
interpolated with the results of the above survey in an effort to place
nighttime transmission on a quantitative basis. It was pointed out
that the practical service limits of 50 -kilowatt cleared channel stations

were eight hundred miles and of a 500 -kilowatt station, nine hundred
miles. The practical service limits of low-frequency broadcast band
regional stations were twenty-eight miles, of middle -band regionals,
twenty miles, and of high -frequency regionals fourteen miles. It was
emphasized that methods of improving program delivery should not

concern so much their legality as an economic feasibility. It suggested
that better conditions might exist if the station power was controlled
by the field strength at a mile from the antenna rather than by actual

power ratings.
CONNECTICUT VALLEY SECTION

P. D. Zottu of the RCA Radiotron Company presented a paper on
"Radio Technique at One Meter" at the January 21 meeting of the
Connecticut Valley Section which was held at the Wesleyan Uni-
versity in Middletown, Connecticut. F. H. Scheer, chairman, presided
and there were sixty present.

The author discussed some of the difficulties encountered in obtain-

ing oscillation and measuring the power and wave length of circuits
operating at one meter and below. A major difficulty in oscillators was

in obtaining sufficiently high impedance circuits. Quarter -wave coaxial

lines appeared to answer this problem. The frequency of oscillation is
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determined by the length of the line and may be changed by the addi-
tion of capacitance to the end of the line as well as by use of a spiral
or inductive center wire. Radiation from this type of circuit is negligi-
ble. Increased power could be obtained by coupling several tubes tothe line. Power measurement encounters difficulties because at these
high frequencies spurious reactions are met when employing conven-tional equipment. Frequency measurement is not as difficult and
reasonably satisfactory results are obtainable by using an adjustable
transmission line and a diode rectifier. A receiver consisting of a coaxialline coupled to acorn type tubes was shown. Three lines for coupling
in a conventional tuned -radio-frequency circuit were employed. No
field tests have been made of the equipment to determine its usefulness
in communication work.

DETROIT SECTION

The January 21 meeting of the Detroit Section was held jointly
with the local section of the American Society of Mechanical Eng-ineers at the studios of WWJ. It was presided over by R. L. Davis,
chairman, and attended by 280.

"Some Mechanical Applications of Piezoelectrical Devices" wasthe subject of a paper by A. L. Williams, president of the Brush De-
velopment Company. He gave first a short explanation of piezoelec-
tricity followed by a description and demonstration of several devices
using these crystals. One device demonstrated was for measuring and
analyzing mechanical vibration. Another permitted automatic testingof small parts such as ball and roller bearings and small motors. Thethird device permitted automatic testing of small metal parts forflaws and faults by means of a minute unidirectional microphone. A
new smoothness gauge employs a crystal pickup and crystal pen for
comparing finished surfaces. The paper was closed with a description
of the analysis of low-frequency vibrations of machinery, ships, andother large bodies by means of a new displacement type piezoelectric
pickup.

EMPORIUM SECTION

It was recently indicated in the report on the December 10 meetingof the Emporium Section that the newly elected vice chairman, H. W.
Abbott was associated with the Hygrade Sylvania Corporation. He is
a member of the staff of the Spear Carbon Company, also M. I. Kahl
who was presented with an Institute membership emblem in apprecia-
tion of his activities in the Emporium Section was not a member of
the Executive Committee.

Two meetings of the Emporium Section were held during January,
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the first on the 14th was attended by fifty. It was held in the American
Legion Rooms and presided over by M. I. Kahl, chairman.

A paper on "Some Notes on the Propagation of Ultra -High Fre-
quencies was presented by H. H. Beverage, chief research engineer of
R.C.A. Communications and president of the Institute. This has al-
ready been summarized in the report of the Chicago Section. It was
discussed by a number of those present.

The meeting -was closed with a short talk by C. F. Miller of the
Hygrade Sylvania Corporation on his experiences during a recent trip
to Germany.

The second meeting in January was held on the 29th in the American
Legion Rooms and presided over by M. I. Kahl, chairman. There were
sixty present.

F. E. Terman associate professor of electrical engineering at Stan-
ford University, presented a paper on "Feed -Back Amplifiers." The de-
velopment of the feed -back amplifier by the Bell Telephone Labora-
tories was first described. Equations were then developed showing the
feedback of an amplifier. The precautions to prevent oscillation were
discussed and it was shown that although the single stage amplifier
was easy to stabilize, there were numerous advantages in employing
multistage amplifiers. The feed -back amplifier will eliminate certain
types of noise and the frequency response is broadened. In the sum-
mary it was pointed out that feed -back amplifiers give improved sta-
bility and frequency response, and reduce distortion, cross talk, cer-
tain types of internal noise, and phase shift. It is a more complicated
circuit and amplification is lost. Various applications of feed -back
amplifiers were discussed. The paper was discussed by Messrs. Brand,
Clark, Conners, Jones, Marshall, Oman, and West.

NEW ORLEANS SECTION

A meeting of the New Orleans Section was held in the studios of
WBNO in the St. Charles Hotel on January 22 and attended by four-
teen. The meeting which was presided over by G. H. Peirce, secretary-
tresurer, was held during the annual meeting of the convention of the
Louisiana Engineering Society. It was devoted chiefly to a round -table
discussion of several radio subjects and was closed in time to permit
those present to participate in the subsequent events on the conven-
tion program.

NEW YORK MEETING

The regular meeting of the Institute was held in New York on
February 3 in the Engineering Societies Building and presided over
by President Beverage. There were 450 present.
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A paper on "Automatic Tuning, Simplified Circuits, and Design
Practice" was presented by D. E. Foster and S. W. Seeley of the RCA
License Laboratory. This paper appears elsewhere in this issue.

PHILADELPHIA SECTION

The January 7 meeting of the Philadelphia Section was held in
the Engineers Club and presided over by Irving Wolff, chairman.
There were 280 present.

E. I. Green of the Bell Telephone Laboratories presented a paper
on "High -Frequency Broad Band Transmitters." He pointed out that
in the telephone art new developments and inventions are providing
an ever-increasing number of communication channels imposed upon
a single pair of conductors. The development of high -frequency carrier
systems now in use and the proposed new broad band systems were re-
viewed. The development of the vacuum tube and the refinement of
the wave filter made possible in 1918 the application of the first carrier
system which provided four channels over a single pair of open wires.
Systems now under development will make it possible to obtain
twelve one-way channels over a single cable circuit or twelve two-way
channels on a single open -wire circuit, while the coaxial system pro-
vides 240 one-way channels over a single coaxial circuit.

The difficulties of overcoming noise, cross talk, time of wave prop-
agation, attenuation, and phase distortion were explained. The great-
est gain that can be used in an amplifier at any one point is approxi-
mately 70 decibels. Consequently, amplifiers have to be used along a
circuit at frequent intervals.

With the coaxial cable system 240 channels spaced at 4000 -cycle
intervals can be carried over a single circuit with repeater amplifiers
placed ten miles apart. The coaxial cable as installed between New
York and Philadelphia is made up of a single copper wire with rubber
spacers to center it and surrounded by a copper tube made of inter-
locking z tapes surrounded by a steel tape to hold it firmly in shape.
Two of these structures together with two quads of 19 -gauge con-
ductors are placed together under one lead sheath, seven eighths of an
inch outside diameter. The coaxial cable can be used to transmit tele-
vision pictures. A band 1,000,000 cycles wide has been transmitted
successfully over the New York -Philadelphia cable approximately
ninety miles long. It is expected that from 2,000,000- to 4,000,000 -cycle
bands eventually can be transmitted. The talking circuits have been
set up through this cable by connecting channels back and forth mak-
ing a circuit equivalent to a line 3800 miles long in which the carrier
frequency changed seventy times and the conversation passed twenty
times through the same repeater.
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The talk was illustrated with lantern slides and one showed how
the band filter has been perfected. A curve for this filter showed how a
net band of approximately 3000 cycles could be derived from a total
frequency interval of 4000 cycles, with unwanted frequencies attenu-
ated approximately seventy decibels. These filters are of a new type,
very small and include quartz crystal elements. Another new feature
is the negative feed -back repeater arranged for neutralizing distortion.
The paper was discussed by Messrs. Benning, Forstall, Hayes, Luck,
Saling, and others.

SAN FRANCISCO SECTION

A meeting of the San Francisco Section was held on January 6 in
the auditorium of the San Francisco Telephone Building. Noel Eldred,
vice chairman, presided and there were thirty present.

The meeting was devoted to a discussion of four papers which were
published in recent issues of the PROCEEDINGS. The papers on "Elec-
trical Measurements at Wave Lengths Less than Two Meters" by L. S.
Nergaard, and "A High Power Amplifier for Ultra -High Frequencies"
by A. L. Samuel and N. E. Sowers were reviewed by John Donahue of
Stanford University. Two additional papers, "Thermocouple Am-
meters for Ultra High Frequencies" by J. H. Miller and "The Measure-
ment of Radio -Frequency Power" by A. H. Taylor, were reviewed by

it> Clark Spahr of Heintz and Kaufman.

On January 20 the San Francisco Section met in the Piedmont City
Hall. V. J. Freiermuth, chairman, presided and there were ninety-six

tat
present.

The first paper on "The Utilization of Two -Way Communication
with Patrol Cars in Police Work" was presented by Fred Heere, Chief
of Police of the City of Piedmont. He pointed out the many ad-
vantages of two-way communication in police work, emphasizing the
saving of time and the assurance to the station operator that his call
has been received. Two-way radio systems have been found to be
extremely useful not only in their police work but in conjunction with
fire -fighting equipment and ambulances.

A second paper on "Problems in Developing, Establishing, Main-
taining, and Operating a Radio Communication System with Mobile
Units" was presented by C. B. McMurphy, chief engineer of the City
of Piedmont Police Radio System. He described the early work and
equipment. As faults are disclosed they are gradually eliminated and
the present system gives entirely satisfactory performance. The equip -

'0 ment now used was described in detail. Unlike much contemporary
equipment both the transmitter and receiver in all portable units are
crystal controlled. The receivers are equipped with a particularly effec-

t,
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tive "quiet" control so that it is silent unless the carrier from the trans-
mitter is on the air. Substantial distances are now being covered by the
police frequencies and daily reception of Atlantic and Midwestern
transmissions occur. In many cases, signals after traveling three
thousand miles are practically as loud as from a local transmitter. A
display of portable equipment was available and a tour of the central
station was made where both the transmitting and receiving equip-
ment were inspected and demonstrated by remote control from the
police station.

SEATTLE SECTION

On January 8 the annual meeting of the Seattle Section was held
at the University of Washington with E. D. Scott, chairman, presiding.
There were forty present.

"Methods of Determining Performance of Radiotelephone Trans-
mitters" was the subject of a paper by Robert Walker, resident eng-
ineer of KOMO-KJR. It covered methods of determining antenna in-
put power, power radiated from an antenna, antenna efficiency, and
quality of the radiated signal as to carrier noise level, distortion, and
frequency maintenance. The paper was discussed by Messrs. Libby,
Wallace, and others.

In the election of officers, J. W. Wallace of the Puget Sound Broad-
casting Company was named chairman; H. C. Hurlbut of the Lighting
Department of the City of Seattle, vice chairman; and R. 0. Bach of
the Pacific Telephone and Telegraph Company, secretary -treasurer.

Chairman Wallace presided at the January 29 meeting held at the
University of Washington and attended by seventy-five.

R. C. Fisher, research engineer, presented a paper on "Electronic
Music-Past, Present, and Potential Development." He first reviewed
the physical principles underlying musical instruments and then de-
scribed the basic processes of tone generation, selection of tone, con-
trol of tone quality, and translation into sound which are employed in
electronic instruments. The application of these processes in both early
and present designs were described. The paper was closed with a
demonstration of the performance and technical features of the Ham-
mond electrical organ. It was discussed by Messrs. Hurlbut, Libby,
and Wallace.

WASHINGTON SECTION

The Washington Section met on January 11 in the auditorium of
the Potomac Electric Power Company and W. B. Burgess, chairman,
presided. There were 180 members and guests in attendance.
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A paper on "RCA Television Field Test System" was presented by
R. R. Beal of the RCA Manufacturing Company and the questions
which followed the presentation of the paper were answered by R. D.
Kell of the RCA Manufacturing Company and R. E. Shelby of the
National Broadcasting Company.

The paper discussed the experimental high definition television
system of the RCA which is now being tested in New York City. The
transmitting equipment in the Empire State building was described
as were the studios and installation equipment of the National Broad-
casting Company in the RCA Building. The paper was closed with a
short sound film showing the actual production of the television pro-
gram.

The February 8 meeting of the Section was held in the Potomac
Electric Power Company auditorium and attended by seventy-six.
Chairman Burgess presided.

"Radio Methods for Investigation of Upper -Air Phenomena with
Unmanned Balloons" was the subject of a paper by H. Diamond, W. S.
Hinman, Jr., and F. W. Dunmore of the National Bureau of Standards.
The general methods and their application to the study of a large class
of phenomena were first described. A description of a radiometeoro-
graph based on these principles which was developed for meteorological
service in the U. S. Navy Department for the collection of upper -air
weather data was given. A miniature transmitter is sent aloft on a

tr
small balloon and employs an ultra -high -frequency oscillator operating
between 50 and 200 megacycles. A relaxation oscillator provides a vary-
ing audio -frequency modulating current of from 20 to 200 cycles.
The frequency of the relaxation oscillator is controlled by resistors
connected in its grid' circuit. These resistors are varied mechanically
by instruments responding to the phenomena being investigated or
they may be special devices the electrical resistance of which vary
proportionally with the phenomena. The modulation frequency is thus
a measure of the phenomenon studied. Several phenomena may be
measured successively, the corresponding resistors being switched into
the circuit by an air -pressure -driven switching unit which serves also
for indicating the balloon altitude. At the ground receiving station a
graphical frequency recorder connected in the receiving set output
provides an automatic chart of the variation of the phenomena with
altitude. Special ground direction finding methods were described to
determine the azimuthal direction of the balloon and its distance
from the receiving point. These data are required in measuring upper -
air conditions. The paper was discussed by a number of those present.



288 Institute News and Radio Notes

Personal Mention
J. E. Brown formerly with the Federal Communications Commis-

sion has joined the staff of Zenith Radio Corporation, Chicago, Ill.
Formerly with Targan Electric Company, K. H. Chittock has

joined Airzone, Ltd., of Camperdown, Sydney, Australia.
[Previously with Stewart Warner Corporation, C. W. Dymond is

now in the Detroit office of the Radio Corporation of America.
H. G. Beer has been transferred from the Engineer -in -Chief's

office to the General Post Office Research Station at Dollis Hill, Eng-
land.

Frederick Wheeler formerly with WREN has joined the staff of
WKY at Oklahoma City, Okla.

Ching-Huan Wu formerly at Cheeloo University is now a member
of the Physics Department of the National University of Shangtung,
Tsingtao, China.
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TECHNICAL PAPERS

AUTOMATIC TUNING, SIMPLIFIED CIRCUITS,
AND DESIGN PRACTICE*

BY

D. E. FOSTER AND S. W. SEELEY
(RCA License Laboratory, New York, N. Y.)

Summary-The principles underlying automatic frequency control of the
oscillator in superheterodyne receivers have been outlined in previous papers given
before the Institute of Radio Engineers. This paper deals with simplification and im-
provements in operation of frequency control circuits and their application to auto-
matic (electronic) tuning control.

A new type of "discriminator" which differentiates between mis-tuned signals on
the high frequency side of resonance and those on the low frequency side is described
and its operation demonstrated by means of a visual frequency indicator.

, The operation of the discriminator is such that it may be used to supply audio -
frequency components corresponding to the amplitude modulations of the received
carrier wave and automatic volume control potentials as well as the control voltage
for the frequency control circuits. This multifunction is described and illustrated.

Alternative circuit connections to improve the compromise between discriminator
sensitivity, audio fidelity, and selectivity are explained and illustrated.

The use of vacuum tubes in such manner that they act as reactive components
and the manner in which their apparent reactive impedance may be controlled by
varying the tube parameters is demonstrated.

The action of a complete receiver embodying automatic (electronic) tuning con-
trol in overcoming mis-tuning and oscillator frequency drift will be demonstrated.

I. FOREWORD

HIGHLY abridged description of the automatic frequency con-
trol method is the simple statement that the basic require-
ments are: (a) a direct -current detector operated through an

intermediate -frequency discriminator network, and (b) an oscillator fre-

quency control circuit. This functional combination has been described
by Travis.' The progress to be disclosed lies in means of realizing (a)
and (b); i.e., a circuit arrangement to avoid the use of any off -tuned

LC circuits in the frequency discriminator, and further refinement of

oscillator control practice.
The discriminator -detector network (a), as the name implies, dis-

* Decimal classification: R140. Original manuscript received by the In-
stitute, October 19, 1936. Presented before Eleventh Annual Convention, Cleve-
land, Ohio, May 12, 1936; presented before New York meeting February 3, 1937.

1 Charles Travis, "Automatic frequency control," Paoc. I.R.E., vol. 23,
pp. 1125-1141; October, (1935).

289



290 Foster and Seeley: Automatic Tuning

criminates between applied intermediate frequencies which are too
low and those which are too high, and produces a corresponding direct
current or voltage whose polarity depends upon the direction of fre-
quency departure from a prescribed intermediate frequency. This
direct voltage is applied to a control element which in turn causes a
shift in frequency of the local oscillator such as to bring the interme-
diate -frequency signal to very nearly the correct intermediate fre-
quency. Since production of the direct voltage is due to departure from
the resonant or "center" frequency of the intermediate -frequency sys-
tem, obviously the correction cannot be strictly complete: but in the
system to be described a correction ratio of more than 100 to 1 is
feasible. In other words, when the dial of the receiver is mistuned
ten kilocycles for the received signal, the automatic correction may be
made to bring the actual intermediate signal frequency to only 100
cycles off resonance in the intermediate -frequency system. Of course
that is easily sufficient.

II. FREQUENCY DISCRIMINATOR FOR DIRECT -CURRENT
DETECTOR OPERATION

This section is a description of a method for obtaining differential
direct -current potentials (or currents) whose magnitude and polarity
are determined by the amount and the sign, respectively, of the dif-
ference between an applied frequency and a certain fictitious frequency.
"Side circuits" tuned above and below the "center frequency" are not
used.

The action depends upon the fact that a 90 -degree phase difference
exists between the primary and secondary potentials of a double tuned,
loosely coupled transformer when the resonant frequency is applied,
and that this phase angle varies as the applied frequency varies. Thus
if the primary and secondary voltages are added vectorially, the ab-
solute magnitude of the resultant vector will be greater on one side of
resonance than on the other.

The vector sum of the primary and secondary voltages may be
physically realized by connecting the two parallel tuned, coupled cir-
cuits in tandem, applying the input potentiiils to one circuit and taking
the output across both circuits in series. In this manner, an action
similar to that of a side circuit is produced even though the primary
and secondary are both tuned to the center frequency. (See Fig. 1.)
Notice that the only difference between A and B is the sign of the
coupling between primary and secondary of the intermediate -frequency
transformer. The potentials at either end of a secondary winding with
respect to a center tap on that winding are 180 degrees out of phase.
Therefore if the center tap, rather than one end, of the secondary is
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connected to the primary, two potentials may be realized, one maxi-

mizing above and one maximizing below the center frequency. (See
Fig. 2.)
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Fig. 1

If a transformer is connected in this manner and the resonant fre-
quency is applied to the primary the two resulting output potentials
will be equal in magnitude. If these are then applied to two separate,
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like, detectors and the resulting direct voltages (or currents) are added
in opposition, the sum will be equal to zero. If, however, the applied
frequency departs from resonance, the sum of their outputs will be
some real value whose polarity will depend upon the sign of the fre-
quency departure.
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The rate of change in scalar magnitude of a given resultant of two

4,vectors
at 90 degrees, with small changes in the angle between those

vectors, is greatest when the scalar value of one vector is equal to the
scalar value of the resultant divided by N/5, or when the ratio of vector
lengths is equal to If a double tuned transformer has a secondary
of twice the inductance of the primary, the Q of the primary being

, equal to that of the secondary (when in circuit) and the coupling be-
tween circuits being critical, the primary voltage will be related to one
half the secondary voltage on resonance in such manner as to fulfill
the above conditions.

This does not mean that a larger secondary with the same primary,
or a different value of coupling, would not give a greater number of
volts per cycle change in the primary plus half the secondary sum, but
in such event the resultant itself would be greater. Circuit or other re-
quirements might necessitate an exceedingly low tuned primary im-
pedance in which case a much higher ratio would be in order.

A measure of the sensitivity of this device may be the developed
direct voltage (or amperes) per cycle of frequency deviation, per volt
applied to the grid of the tube whose plate circuit contains the primary
of the transformer. Regardless of the type of detectors employed this
quantity will be a function of the rate of change, with frequency, of
the difference between magnitudes of the input potentials to the two
detectors. If these magnitudes are plotted against frequency difference
(both positive and negative) the curves will intersect on the zero ab-
scissa ordinate with slopes equal but opposite in sign. (See Fig. 2.) The
slope of the curve representing their difference is, therefore, equal to
twice the slope (at the center frequency) of the curve of input potentials
to one of the detectors. This establishes the significance of a factor
which will be termed S, which equals twice the first derivative, with re-
spect to frequency, at resonance, of an expression for absolute magni-
tude of input potential to one of the detectors. It must be borne in
mind that the value of the ordinate at the point of intersection of the
two curves becomes significant only when detectors other than those
with a linear characteristic are used.

To simplify the derivation given below the apparent Q values of
both primary and secondary (when in circuit) have been assumed to
be equal.

Symbols Employed:

S =slope, at resonance, of the expression representing the difference
between magnitudes of the potentials applied to the two de-
tectors.
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f= a frequency at which the total internal reactance of the tuned
circuits is equal to zero.

f' = a frequency removed from f by a discrete increment.
r = apparent primary series resistance. This includes the effect of the

plate impedance of the tube, the natural primary series resistance,
and any other resistive load other than the secondary.

r2 = apparent secondary series resistance.
A = the ratio of total secondary inductance to primary inductance.

Since Q1= Q2 (by assumption) r2 =Ar.
L= primary inductance. Thus L2 = AL.
Q=27- fLIr.
x= sum of the internal series reactances of the primary.

x2 = Ax= sum of the internal series reactances of the secondary.
n =the ratio of reactance to resistance (internal) of either primary

or secondary at any frequency. At f' this equals 2(f-f)(21f.
K = the ratio between actual and critical couplings between primary

and secondary. 271-fM=KNA--0:2=KVAr
G,,, = mutual conductance of the amplifier tube preceding the trans-

former.
j=v/-1.

one volt applied to the grid of the amplifier tube the vector pri-
mary voltage takes the form

1 + jn *
E, = 27rfLQG,

(1 + jn)2 + K2 (1)

(Note that by taking the effect of the plate impedance into r the
primary voltage is equal to G.X apparent impedance across the pri-
mary.)

The primary current may then be written:

E,
I, =

j22-fL

E A/ A r
and the induced voltage in the secondary =

27rfL

From which the secondary current becomes :

EK
= +

27fL(1 + jn)-V7A-

* To a very close approximation.
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and the secondary voltage may be written:

E, = ±
1 + jn

Replacing E, with its equivalent from (1):

j.KVA
= ± 271-fLQG, (2)

(1 + jn)2 + K2

which is the expression for the vector voltage across the entire second-
ary with one volt applied to the grid of the amplifier tube.

Adding the primary voltage to one half the secondary voltage
vectorially gives the vector expression for the resultant voltage ap-
plied to either detector.

Or,

and,

(1 +.7n) ± j.KVA/2
Edot = 2rfLQG.,

(1 + jn)2 + K2

(1 + jn) +jKVA/2
El = 271-fLQG,,,

(1 + jn)2 + K2

K2 = 271-fLQG.
(1 ± jn) - jK1/A/2

(1 + jn)2 ± K2

(3)

The scalar magnitude of E1

(1 + n2 + AtTlKn AK2/4)1/ 2Y = 27TfLQG,,, (4)(1 + K4 + n4 + 2K2 2n2 - 2K 2n2),/ 2

As stated above the sensitivity of the device to changes in frequency
will be a function of S which is two times the rate of change of the
above expression, with respect to frequency. Or S=2(dy)ldf. From the
definitions above it can be seen that, at resonance, dnIdf=2Qf.

Thus (4Qdy)/(fdn) =S. Differentiating Y with respect to n and
then setting n equal, to 0 to get the slope at resonance gives

dY (AK)112-= 271-fLQG.
do AK2V2

(1 + K2) (1 + 4 )
(AK),/2

S --= 87rLQ2Gm (5)

from which

+K2)(1(1 AK2112

4 )

4
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From this expression it can be seen that S is independent of fre-
quency and is proportional to L, Q2, and Gm and also that it is a func-
tion of A (the secondary to primary inductance ratio) and of K (per
cent critical coupling)/100.

If the right-hand side of the expression is maximized by differentiat-
ing with respect to K, setting the differential equal to 0 and solving
for K in terms of A, we have

K
(A/1 ± 2A - 1)1/2

A
(6)

from which it can be seen that the optimum value of coupling will be
less than critical for any ratio of secondary to primary inductance. K
is plotted against A in Fig. 3.

C

9

.8

O
.7

.5
2 3 4 5 6

SECOND/9RJ' //YDI/CTRYCE
AP/M.942.Y //1601/CTINCE

Fig. 3-Optimum coupling if linear detectors are used.

If the expression for S is maximized with respect to A, we arrive at
a ratio equal to infinity with zero coupling. This merely confirms the
fact that the sensitivity can be increased by increasing the secondary
inductance. It must, of course, be borne in mind that if conductive in-
put detectors are used, their effect on the apparent Q of the tuned cir-
cuits will be greater, the greater the inductance.

As an example of the use of (5), possible values for the parameters
may be taken as follows: L= 0.5 X10-3, Q=100, Gm= 1500 X10-6,
A=2. Then from (6), K=0.785. Substituting these values in (5) and
solving for S we have: S = 0.113 root -mean -square volt difference, per
cycle, in the potentials applied to the two detectors when one volt
root -mean -square is applied to the grid of the preceding amplifier tube.
Thus if the frequency departs from resonance by ten cycles an un-
balance of 1.13 volts will exist at the detector input points. A sensi-
tivity of this order may not, in general, be necessary or desirable.
However, the above example illustrates the order of sensitivities which
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may be obtained should the need arise. The calculated value for S has
been verified experimentally.

So far we have calculated the slope at resonance only. If the scalar
magnitudes of E1 and E2 are calculated for positive and negative values
of n, subtracted and plotted against n it is apparent that the slope be-
comes equal to zero at two points. These correspond to two frequencies,
one above and one below the resonant frequency, and at these points
the difference between applied potentials to the two detectors is maxi-
mum. With various circuit constants and with the coupling adjusted
to give a maximum slope at resonance, these maxima will normally ap-
pear at positive and negative values of n ranging between 0.5 and 0.95.
The frequencies corresponding to these values are sufficiently well
separated to give adequate operating range .for most applications. This
is particularly true if the range of frequencies applied to the device is
limited by the selectivity of preceding circuits. It must also be re-
membered that the differential direct output voltage will bear the same
sign after passing a maximum point, and if it is used for frequency con-
trol it may still have sufficient magnitude to swing the controlled fre-
quency into the so-called operating range.

However, if it becomes necessary to increase the frequency separa-
tion of the two maxima, it may be done either by increasing the value
of coupling above the optimum as determined by (6), or by decreasing
the Q of the circuits. Either method will decrease S at the center fre-
quency, although an increase in coupling will cause the least change
in sensitivity for a given increase in separation.

If square -law detectors are used their outputs will be proportional
to the square of the scalar magnitudes of the applied potentials.
From (4) :

y2 =4(7rfaxm)2 1 + n2 + A/AKn + AK2/4
1 + K4 + n4 ± 2K 2 - 2K 2n2 (7)

The over-all sensitivity will then be equal to two times the first de-
rivative (of this expression) with respect to n, (at n = 0) multiplied by
the applicable detection constant. This gives

S' = 4(irfLQGm)2
OAKX

(det. const.). (8)(1 ± K2)2

Maximizing with respect to K and solving for K as before, we have

1

(9)
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Therefore if square -law detectors are used the optimum coupling is
independent of the ratio between secondary and primary inductance
and is equal to 0.578 X critical coupling.

III. CIRCUIT APPLICATION

So far, no mention has been made of methods for combining the
direct -current output potentials (or currents) of the detectors to pro-
duce the differential effect. A simple voltage connection will be de-
scribed in detail.

Referring to Fig. 4, circuits I and II, both tuned to the same fre-
quency, are mutually coupled and connected together as described
above. The reactance of the condenser C3 between points C and D is

Fig. 4-If the radio -frequency choke and the condenser C5 are not used a radio -
frequency choke must be included in any external connection to the audio
and automatic volume control point.

small at the frequency of operation and merely serves to isolate the
direct -current plate potential of the primary. The diodes connected
with their plates at points A and B are conventional except for the
fact that for this circuit they must have separate cathodes. The two
diodes in a type 6116 tube fulfill this condition. The diode cathodes
are connected together by means of the condenser C4, and one of them
is also connected to ground. The condenser C4 must have low impe-
dance at the operating frequency and in general it will be desirable
that it be low at useful modulating frequencies. Two resistors R1 and R2
are also connected, in series, between cathodes. Their resistances are
equal and will usually be between 0.5 and 1.0 megohm. The center
point F between them is connected to the center tap C on the second-
ary. The use of a radio -frequency choke in this connection is optional
but if it is used the condenser C3 (shown dotted in the diagram) must
also be included and the two together will serve to decrease the effect
of the resistors on the Q value of the primary.

The action is as follows. If the resonant or "center" frequency is
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applied to the grid of the amplifier tube, equal amplified voltages will
exist between the point A and ground and between the point B and
ground. These are rectified by the diodes and direct currents will flow
in the resistors R, and R2 in opposite directions with respect to ground.
Thus, the net direct -current potential produced by the two IR drops
between E and ground is equal to zero. If, however, the applied fre-
quency departs from resonance the potentials across the diodes will be
unequal in magnitude, unequal IR drops will be produced in the
two resistors and direct -current potential will exist between E and
ground, the polarity of which will depend upon the sign of the fre-
quency departure.

As has been indicated on the diagram, audio -frequency and auto-
matic volume control voltages also may be derived from the rectified
output of this circuit, as well as differential direct -current potentials.
This is undoubtedly desirable in some cases of automatic frequency
application in receivers, in order to avoid the use of additional tubes
and tuned circuits.

If a carrier at the resonant frequency with normal "intensity"
modulation but without frequency modulation, is applied to the sys-
tem, the audio -frequency as well as the direct voltages across R1 and
R2 will be equal and opposed. Therefore at resonance there will be no
audio -frequency potentials between E and ground, and as far as audio
components are concerned the system acts exactly as though point E
were grounded with the outputs of the two diodes acting in parallel.
Actually if C4 is sufficiently large to have negligible reactance at the
lowest modulating frequency, this is the case. Then the point F be-
comes a potent source of audio voltages to supply the audio -frequency
amplifier system and no other audio detector is necessary. If automatic
volume control voltages are also taken from the point F and it is
necessary to maximize the alternating- and direct -current impedance
ratio, it can be seen that the direct -current impedance is equal to one
half the resistance of one of the resistors, even though R1 and R2 are
not in parallel as far as direct current is concerned. The use of a nor-
mally active control element in an automatically controlled interme-
diate -frequency system will not allow the carrier to depart sufficiently
far from resonance to hazard the above facts.

It can be seen that the direct -current potential between ground and
the point F will have the proper polarity to be used for automatic
volume control action, and that this potential will bear the same ratio
to the developed audio voltages as is found in the conventional diode
detector automatic volume control system. The fact that it minimizes
at one side of resonance is of small significance if automatic frequency

di
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control is used. When the automatic frequency control is cut out of
circuit (manually) it is assumed that the point E will be grounded.
This will cause the direct -current potential at F to maximize on res-
onance.

The only factor which determines the polarity of the automatic
frequency control differential voltage developed at point E in Fig. 4
is the sign of the coupling between the two coupled tuned circuits. An
examination of the circuit shows that any unbalance in the capacitances
from either diode plate to ground takes on the nature of capacitive
coupling between the tuned circuits. Likewise an unbalance in capaci-
tances from either side of the secondary tuning condenser to ground has
the same effect. Because of the mechanical construction of the average
intermediate -frequency transformer, this unbalance will usually be
sufficiently large to account for the major portions of the coupling
when it is connected in circuit as in Fig. 4. For this reason it is best to
phase the inductive coupling to oppose this external capacitive coup-
ling (regardless of the direct -current polarity requirements) and to cor-
rect the over-all coupling by the addition of a small capacitance from
the proper diode plate to ground so as either to increase or decrease the
existing capacitance unbalance as the need may be. The direct -current
polarity of the automatic frequency control voltage may be reversed,
if necessary, by removing the ground from the one diode cathode and
grounding the opposite one.

It should be noted that the "translation" gain (audio output/modu-
lated intermediate -frequency input) of the system in Fig. 4 will be
greater than with conventional circuits since the primary and half the
secondary voltages are added (vectorially), and that the selectivity
will approximate that of the primary alone.

An extension of the analysis in Section II reveals (as would be
guessed) that modulation envelope distortion arises from the asym-
metrical frequency discrimination. As expected, measurement shows
that this distortion is not appreciable at low audio -frequency modu-
lating frequencies, but that when S is desirably great, I and II being
coupled to a desirable degree, this distortion is appreciable when the
carrier is deeply modulated (say 80 per cent) at a frequency higher
than (say) 3500 cycles. Of course deep modulation does not normally
occur at high audio frequencies, but as the frequency is increased a
lesser percentage modulation gives rise to distortion which is not un-
questionably negligible. Consequently, it cannot be safely recommended
that the audio -frequency output be taken across R2 (Fig. 4) in a
strictly high fidelity receiver.

Accordingly, note Fig. 5(a) which shows the audio -frequency de-
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tector (diodes) driven by the primary (circuit 1). Of course this is the
preferred method of audio -frequency detection when applying the
automatic frequency control portion of Fig. 4 to a high fidelity receiver.

As shown in. Fig. 5 (b), both automatic volume control detection
and audio -frequency detection may be applied at the primary (cir-
cuit 1), and of course the same or separate diode(s) may be used.

Fig. 5(c) shows another modification of Fig. 4. The automatic vol-
ume control point is "tapped down" on R2. As best determined by

Fig. 5

experimental development, performance may in some cases be defi-
nitely improved by the "tapped R2" arrangement in Fig. 5(c). In Fig. 4
the automatic frequency control to automatic volume control direct
voltage ratio does not exceed unity. In Fig. 5(c), unity may be ex-
ceeded when desirable.

In Figs. 5(a) and (b), of course Co should be small, and the ordi-
narily high Q choke Lo must be large enough for (AL° > 1/wCo; e.g., the
frequency of series resonance of Co and Lo should be of the order of
intermediate frequency/10. Also, Lo should be so chosen that it does
not establish parallel resonance with the diode plate: cathode capaci-
tance (and circuit capacitance) at or near the intermediate frequency.
To a first approximation, Co and C R are the capacitances across R at
audio frequency, from the standpoint of modulation envelope detection.
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IV. THREE WINDING DISCRIMINATOR TRANSFORMERS

The selectivity of the audio -frequency output of the preceding cir-
cuits is low in comparison with that of the usual intermediate -fre-
quency transformer. By the use of a third winding on the discriminator

Fig. 6

transformer to supply the audio -frequency detector, the selectivity is
much improved. One means, using a triple tuned circuit, is shown in
Fig. 6.

The coupling is arranged so that L3 is coupled only to L2 and not to
L1. This may be done, as shown schematically in Fig. 6 by using a few
coupling turns close to L2. These turns are shown at the center of L2,
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Fig. 7

and this arrangement should be followed physically also, in order to
keep the capacitive coupling of L3 symmetrical with respect to both sides
of L2. In order to keep the capacitive coupling small and symmetrical,
it is desirable to keep L3, and the leads thereto, well separated from
L2, possibly to the extent of putting L3 in a separate shield. The manner
in which the rectified diode potentials vary with frequency is shown
in Fig. 7.
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Capacitive coupling dissymmetry produces departure from sym-
metry of both signal and automatic frequency control selectivity. The
discriminator has little selectivity when the audio signal is taken from
the center tap of the diode resistors, since the discriminator is primarily
a phase responsive system. However, the discriminator acts as any
tuned circuit, of the same Q and coupling, to a third circuit coupled to
it, and the selectivity of the third circuit therefore is excellent.

Selectivity is only one of the characteristics of a discriminator cir-
cuit which are of interest in consideration of automatic frequency con-
trol action. In addition to audio selectivity, audio gain, automatic
frequency control peak gain, automatic frequency control slope, and
frequency separation of the automatic frequency control peaks are
important.

The audio or signal gain may be expressed as the ratio of peak
value of signal input on the grid of the intermediate -frequency stage
driving the discriminator, to the direct voltage in the audio diode.

The automatic frequency control voltage reaches a maximum in the
positive sense at some frequency off the resonant or center frequency,
and a maximum in the negative sense on the opposite side of the
resonant frequency. The magnitude and separation of these two auto-
matic frequency control peaks and the slope of the characteristic
passing through the center frequency, all are important in discrimi-
nator action. The automatic frequency control peak gain is the ratio of
maximum direct voltage, in either positive or negative direction, to the
peak value of carrier applied to the intermediate -frequency driver tube.

The slope varies in value dependent upon the frequency points be-
tween which it is evaluated. In the data below, the slope is that be-
tween points one kilocycle each side of the resonant frequency. The
slope is expressed in volts per kilocycle for one volt peak carrier on the
intermediate -frequency driver grid.

The frequency separation between the positive and negative auto-
matic frequency control peaks is of importance not only because of its
effect on the slope, but also in determination of the effective automatic
frequency control selectivity. If the peaks are too widely separated the
slope will be small, and if they are too close together signal modulation
may be heard before the automatic frequency control acts as the fre-
quency is varied.

TRIPLE TUNED CIRCUITS

Tertiary Coupled to Secondary

M1= 30/Ah M2 =17.2µh

(1). Signal gain at resonance 34
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(2). Signal selectivity
Voltage Ratio

+10 kc 4 . 7

-10 kc 3 . 3

+20 kc 45
-20 kc 30.5

(3). Automatic frequency control gain 59
(4). Automatic frequency control peak separation 13 kc
(5). Automatic frequency control slope 8.8. volts per kc per peak volt

input
Li= L2 = La = 0.7 mh
Qi= Q2 = Q3 = 110
fo = 460 kc

The tertiary, in Fig. 6, acts to decrease the automatic frequency
control slope and separate automatic frequency control peaks, since it
acts as a resonant absorption circuit. Reduction of tertiary coupling
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30

decreases this effect, but also acts to decrease signal circuit gain. The
automatic frequency control gain is good, but as pointed out above,
the slope is somewhat decreased. The selectivity is better than that of
a conventional diode stage using two tuned circuits.
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Where selectivity less than that of the previous system can be
tolerated, the tertiary tuning may be omitted as shown in Fig. 8.

The curves of Fig. 9 show that this system has less automatic
frequency control gain, but steeper automatic frequency control slope,
than the system of Fig. 6.

UNTUNED TERTIARY

M1= 241.th M2 = 490A.
(1). Signal gain at resonance 38.5
(2). Signal selectivity

Voltage Ratio
-10 kc 2.26
+ 10 kc 2.87
-20 kc 7.1
+ 20 kc 12.5

(3). Automatic frequency control gain 32
(4). Automatic frequency control peak separation 11 kc
(5). Automatic frequency control slope 12.8 volts per kc per peak volt

input.

In this system, as in the ones discussed previously, it is important
to keep capacitive coupling low and symmetrical with respect to the
discriminator.

V. DERIVATION OF AUTOMATIC VOLUME CONTROL

The circuits shown in Figs. 6 and 8 use separate diodes for auto-
matic frequency control and signal purposes. The use of separate
diodes imposes additional power output requirements on the inter-
mediate -frequency tube driving the diodes. Voltage for automatic vol-
ume control purposes may be derived either from the center tap of the
discriminator or from the signal circuit. As shown in Figs. 7 and 9,
voltage E8 derived from the discriminator is not symmetrical with
respect to resonance, so that if this voltage be used for automatic
volume control purposes, the gain of the receiver will be higher- on one
side of the intermediate -frequency resonant frequency than on the
other, producing asymmetry of automatic frequency control action.

By using voltage E1, derived from the signal circuit, for automatic
volume control purposes, it will be symmetrical about resonance. At
normal bias the intermediate -frequency stage will drive the diodes
satisfactorily, but at high bias, such as would be produced by full
automatic volume control on the intermediate -frequency stage, curva-
ture of the characteristic may occur. This is shown in Fig. 10 where the

.1"
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direct voltage, E1, in the signal circuit is plotted as a function of root -
mean -square signal on the intermediate -frequency grid. These curves
were taken with the circuit arrangement of Fig. 6. Somewhere in the
neighborhood of 20 volts will be required for automatic volume control
action in order to secure adequate control of .large signals, assuming
three tubes controlled. In order that the audio output of the signal
diode shall be free from distortion, the characteristic should be straight.

The range of signal inputs over which the characteristic is straight
determines the modulation percentage which may be handled without
distortion. For 100 per cent modulation the peak signal must swing
from zero to twice the carrier level. We may use the root -mean -square
volts of Fig. 6 similarly, since they are proportional to peak volts.

With 20 volts intermediate -frequency bias, to derive 20 volts auto-
matic volume control is seen to require 5.36 volts carrier. For 100 per
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Fig. 10

cent modulation, twice this input is instantaneously applied and for
such applied signal the characteristic is seen to depart appreciably from
a straight line. However, if we use only half of the developed automatic
volume control voltage on the intermediate -frequency tube, or ten
volts, when the total developed automatic volume control is twenty
volts, 1.6 volts of signal is required.

The characteristic is seen to be very nearly a straight line up to the
8.2 -volt input required for 100 per cent modulation, under these con-
ditions.

Thus it results, by applying half automatic volume control to the
intermediate frequency driving the diodes, and full automatic volume
control to the other tubes, that large signals can be handled without
appreciable distortion, using the discriminator systems described
above.

VI. CONTROL CIRCUITS

The fundamental operating conditions and requirements for the
control circuit, whereby direct voltage differences developed by the
discriminator are converted into reactance variations, have been set
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forth in the paper by Travis.' Additional data are given below which
is believed, will be helpful in application of these principles to radio
receivers.

5+

.D/SCR/41.,R70.2
*VC TAGS

Fig. 11

Let us consider the circuit of Fig. 11 shown in simplified form in
Fig. 12.

Fig. 12
Here,

E is tank circuit voltage
it is current in circuit RICI

G. is mutual conductance of control tube T2
ip is plate alternating current of T2
eg is grid alternating voltage of T1
Zo is effective impedance of T3.

A high impedance radio -frequency pentode will ordinarily be used for
the control tube so we can neglect rp. We can also neglect the resist-
ance of LI. Then,

since in practice

E
=

RI

Ri>>
jcoC

i1 E
e, =

jwCl jcoCiRi
EGm

ip = e5Gm =

E jwCiRi
Z0 = =z G.
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Since Zo varies directly as frequency it has the nature of inductance.
If we call the virtual inductance due to the control tube Lo,

C1R1
Lo =

G
(10).

1 jaeiRi +1
If Ri is not large compared to , then Zo =

j(.4Ci G.

If an inductance LA were used in place of C1,

RI
Zo =

ja,LAG,.

In this case Zo is effectively a capacitance since it varies inversely as
the frequency.

The use of capacitance in the grid of the control tube has several
advantages:
1. The Q of condensers is generally higher than that of inductances

so that the control tube acts as a more nearly pure reactance.
2. The distributed capacitance frequently resonates an inductance

within the frequency band used, so that the control action dis-
appears at that frequency.

3. A capacitance appears as an inductance in parallel with the tank
circuit inductance, so that the frequency shift is a constant percent-
age of the resonant frequency throughout the tuning range.

In the circuit of Fig. 11 the padding condenser, C2, is placed at the
high potential side of the circuit so that the control tube may be con-
nected directly across L1. If the control tube is placed in parallel with
Li and C2 in series, a certain amount of control is lost at the low -fre-
quency end of the band. The combination of Lt and C2 is resonant be-
low the band, and at such frequency the control tube would have no
effect. The circuit of Fig. 11 shows a blocking condenser C4 connecting
the low side of the tank inductance to ground, so that plate voltage
may be applied to the control tube through L1.

Another means of connecting the control tube is shown in the sim-
plified circuit Fig. 13. In this case the control tube is coupled to the
tank circuit inductively.

Here again,
E is tank circuit voltage
e, is alternating -current grid potential of control tube

T
G. is mutual conductance of T
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e' is equivalent series voltage in tank circuit
i is plate alternating current of T2
ZI is equivalent control reactance.

Then assuming that r, of control tube is large compared with jcoL2 and0312/rL,
Ee, -

3c0C1Ri

ip = egGIn
EG.

jcoCiRi

+ jcoMG.E MGm
e' = ± jcoMip - E.

jcoCiRi

Let,
MGm

C1R1

Then,

= A.

e'= + AE .

Let i1 be current in L1

E = iljcoLi i1Z'

e' = -
E = iijwL1 ± AE

E AE
Zl =

jo.L1

E + AEe'= Z= T- AE
jwLi

Z' = jwL'.

Where L' is equivalent control inductance

T- AE AL' = AE + AE 1 ±A
L1L' =

C1R1
1

MGm

C1R1

(11)

+ MG.
L' then may be either positive or negative depending upon whether M
is positive or negative. Note that in this case L' is the equivalent in-,
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ductance in series with the tuned circuit, whereas in Figs. 11 and 12 the
equivalent inductance is in parallel. The equivalent inductance in the
case of Figs. 11 and 12 is positive so that an increase in Gm of the con-
trol tube decreases Lo thus causing the oscillator frequency to increase.

In the circuit of Fig. 13 increase in Gm of the control tube can cause
either an increase or a decrease in oscillatory frequency dependent
upon the sense of the mutual inductance. In general the circuit of Fig.
11 is to be preferred to that of Fig. 13, since, for the same control

TO OSCA.L.R7OR
TOSE

Fig. 13

effect more capacitance is added by Fig. 13, reducing the available tun-
ing range. This additional capacitance is due to capacitance between
L2 and L1.

Another possible control circuit is shown in Fig. 14. Here T1 is a
radio -frequency pentode, such as a 6J7 with the screen acting as the
anode for the oscillatory circuit and with control voltage taken off

DISCRIMOVOTOR
VOL TROE

Fig. 14

across condenser C1 in the plate circuit. Here the control tube T2 is a
6L7 with radio -frequency control voltage applied to grid No. 1 and
the direct voltage from the discriminator applied to grid No. 3. The
radio -frequency voltage also develops the bias for grid No. 1 across R.
L3 and L4 are chokes for supplying direct current to plates of the
oscillator and control tubes, respectively. This type of control circuit
produces an equivalent negative inductance across Li so that increasing
mutual conductance of the control tube lowers the frequency of the
oscillator.

The use of the 6L7 control tube as shown permits of somewhat
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greater control range than other systems, but care must be taken to
operate the tube, by reducing screen voltage or otherwise, so that the
maximum safe cathode current is not exceeded when the discriminator
voltage swings positive. If spurious oscillation or blocking occurs, re-
duction of value of R1 will be found helpful in eliminating this effect.

VII. OSCILLATOR CONSIDERATIONS

In the broadcast band as the signal frequency varies from 540 to
1600 kilocycles, the oscillator frequency will vary from 1000 to 2060
kilocycles with an intermediate frequency of 460 kilocycles. Equation
(10) shows that the oscillatory voltage, E, does not directly affect the
amount of control. However, voltage E with a given R1 and C1 does
determine the potential e5 appearing at the grid of the control tube.
When the peak radio -frequency voltage e, exceeds the bias on the con-
trol tube, no further control can take place and therefore the voltage E
determines the value of R1 and C1 which can be used without exceeding
the bias.

From this standpoint, the lower the value of E the more control
which can be obtained. However, the voltage must be high enough to
give adequate translation, and such that there is no likelihood of the
oscillator ceasing to function on low line voltage. The impedance of C1
varies inversely with frequency, so that for uniformity of control volt-
age E should vary directly with frequency. Fortunately, most oscil-
lators with simple mutual inductance coupling have such a character-
istic. If the voltage E is too great at the low -frequency end, a resistor
in series with L8 will decrease Oscillation strength more at this end of
the band than at the high frequency end. Conversely, a parallel re-
sistor will affect the oscillation more at the high -frequency end than at
the low -frequency end. The control limitation with bias on the control
tube is governed by cutoff with negative potential from the dis-
criminator, and by control tube grid current with positive discrimina-
tor potentials. Cutoff is not affected by the oscillatory voltage whereas
the grid current point is, so if the oscillator voltage does not vary in-
versely with the impedance across which the control tube is con-
nected, the amount of frequency shift will not be uniform about the
axis of zero discriminator potential.

VIII. CONTROL TUBE

As we have seen from (10) the amount of control is proportional
to G., but is also affected by the control grid voltage for this G.,
since a high value of bias permits R1 or C1 to be smaller for a given
oscillatory voltage. Consequently maximum control is proportional to
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the product of Gm and Ec. Sensitivity of control is however another
important requirement, since we wish the frequency change to be as
large as possible for a given change in bias. This means the tube should
be of the short cutoff type. Further requirements are high rp, linear
change of G. with bias, and for economy, low plate and screen currents.
All of these requirements are best met by the short cutoff, radio -
frequency pentodes such as 57, 77, 6C6, and 6J7. Except for plate im-
pedance requirement the 53 and 6A6 are excellent, and these tubes
might be used in the coupled type of control circuit shown in Fig. 8
where M could be chosen so that plate impedance would not have as
great an effect on the oscillatory circuit. As pointed out in connection
with Fig. 9 the 6L7 may be used with radio -frequency voltage on No.
1 grid and direct current on No. 3 grid. The variation of G. with No. 3
grid bias is substantially linear but the cutoff is slightly more remote
than the 6C6 or 6J7, so more discriminator voltage is required. Opera-
tion at reduced screen voltages is required to prevent excessive cathode

current.
The 6C6 or 6J7 will in general be used so that we shall consider

them in greater detail.
By proper choice of R1 and C1 the maximum amount of frequency

shift can be adjusted to suit required conditions. An example will illus-
trate this fact. The oscillatory voltage E is primarily affected by R1,
and but little by C1, so R1 should be adjusted first for proper E over the
range and then C1 to govern the amount of control. Assume E = 25 volts

peak, R= 50,000 ohms.
Then if X, = 1000 ohms, cutoff in positive direction will be at 0.5

volt. If X, = 4000 ohms, cutoff in positive direction will be at 2 volts.
Gm at 0.5 -volt bias on a 6J7 is 1760 micromhos. Gm at 2.0 -volt bias on a
6J7 at 1500 micromhos so as the value of C1 is changed to vary Lo 4 to
1, the value of Gm changes Lo only 17 per cent in the opposite direction.

The table below illustrates variation of control possibility with bias
for a 6J7 at 250 volts plate and 100 volts screen.

Ea volt Gm mioromhos GtsXE,

0.2 1800 360
0.5 1760 880
1 1700 1700
2 1500 3000
3 1250 3750
4 900 3600
5 450 2250
6 140 840

7 40 280

We see then that circuit values chosen to give three volts peak
oscillator on the control tube will give maximum control for a 6J7.
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The normal operating bias will be halfway between this value and the
value of bias for cutoff in the negative direction. Since cutoff is ap-
proximately 7.5 volts the initial bias with zero discriminator potential
should be 5.25 volts. A typical control curve is shown in Fig. 15.

IX. CONCLUSION

In an experimental receiver using the system described above it has
been found that a discriminator sensitivity of 20 volts per kilocycle and
a control sensitivity of 7 kilocycles per volt can be easily obtained, so

KW

6705

F000

CONTROL CURVETYP/CAL

CIRCUIT A/4 /I995 77/BEod7
250 Y PLATE
/00 V. SCREEN-4 SY. //1777i7L -8/A5990
1 N/E001-01 IN 947/0

PL-77/AN

98.5

980

975

ow)
-/0 -8 -6 -4 -2 0 46 #10

..D/SCE/M/NATOR VOLTS

Fig. 15

that an over-all control ratio of 140 to 1 results. A tuning misadjust-
ment of 7 kilocycles will result in only a 50 -cycle shift of the intermedi-
ate frequency.

The use of alternating frequency control on the short-wave bands
has the very much needed advantage of making the tuning operation
easier. The tuning control has to be moved only until the frequency is
close enough to resonance that the discriminator will develop sufficient
voltage to bias the control tube the amount required for the departure
from resonance. Short-wave stations are thus "spread out" on the dial,
making them easier to locate and easier to hold.

In the broadcast band this characteristic would have the dis-
advantage that the receiver would appear to laymen to be broad in
tuning in comparison with receivers without automatic frequency
control. This apparent disadvantage can be eliminated by combining
the alternating frequency control switch with the tuning mechanism

4
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so that the automatic frequency control automatically becomes in-
operative during the tuning operation.

The above -mentioned characteristic of automatic frequency con-
trol makes possible the use of mechanisms to provide the user with
simplified tuning and many types of mechanism will suggest themselves
to the development engineer. Some of these devices have been at-
tempted in the past, but the extreme mechanical precision necessary
for accurate tuning, and changes of electrical constants of various parts
in service, made them impractical. Automatic frequency control re-
moves these limitations, and its use opens up the possibility of new and
novel tuning arrangements which provide the broadcast receiver with
additional attractiveness, and the user with easier and better operation.
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SIMULTANEOUS RADIO RANGE AND
TELEPHONE TRANSMISSION

BY

W. E. JACKSON AND D. M. STUART
(Bureau of Air Commerce, Washington, D. C.)

Summary-Simultaneous radio range and telephone service has been in de-mand on the airways of the United States for several years. A simple method of ob-
taining this service has been developed and is now being gradually applied to the
airways.

Various methods of obtaining simultaneous service are discussed. The effect of
linear and square -law detection used with single side -band and double side -band
transmission of the range tone have been analyzed. The single side -band method ap-
pears to offer the most practical solution to the problem when used with a linear de-
tector.

RADIO ranges and radiotelephones which have been installed by
the Department of Commerce have contributed a great deal
toward the safety of air navigation; however, it has become

evident that there are definite limitations in the method of operation
of this equipment which greatly restrict its usefulness in practical ap-
plication. Fundamentally the major limitation is that neither range nor
broadcast service is continuous due to the fact that the range has to
be shut down while the broadcast is made and vice versa. This means
that a pilot who may require continuous range service is forced to
stand by during the weather broadcasts by circling at the point where
the range service was removed or in the event that continuous range
service is being furnished to another pilot, he must continue his flight
without the aid of the weather broadcasts. In 1927 and 1928 when
radio ranges and telephone stations were first installed in the United
States, it was the policy to broadcast weather on one radio frequency
and give radio range service on another radio frequency removed by
approximately thirty kilocycles. This method of operation had the ad-
vantage of being continuously available to the pilot, but had the dis-
advantages of being wasteful of radio -frequency channels, necessity of
pilot having to retune the receiver to the telephone frequency at spe-
cific times, and difficulty involved in notifying pilot listening to the
range that a special broadcast was being made. In 1929 numerous re-
quests for the alternate use of radio range and broadcasts on the same
frequency were made. This together with the fact that there were rela-
tively few radio frequencies available brought the change in policy

* Decimal classification R526.1. Original manuscript received by the Insti-tute, October 5, 1936.
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which established both services on the same radio frequency. This
method of operation was in effect from 1929 to 1934. In 1934, it be-
came necessary to give continuous range operation upon request ex-
cept for broadcasting local conditions which required approximately
ten seconds. Also, a number of stations each operated on 236 kilocycles
were installed at busy terminals so that other than local weather
broadcasts could be made on this frequency at the regular broadcast
periods when continuous range service was requested. In 1935, at the
request of the air lines, continuous range service was inaugurated at
six terminal stations on the regular radio -frequency channel with all
broadcasts on 236 kilocycles. At other stations continuous range service
was made available on specific request, the weather broadcasts being
entirely omitted. The 236 -kilocycle broadcast schedules were staggered
in order to eliminate heterodyne interference. This method of opera-
tion could be successfully applied to a few stations, but could not be
applied to the entire airways system employing over a hundred sta-
tions because of excessive interference which would occur due to over-
lapping schedules.

From the foregoing, it is apparent that continuous radio range op-
eration is at times of greater importance to the pilot than the weather
broadcasts. The rapidly increasing air traffic condition and the need
for instantaneous communication between air traffic control ground
stations and all aircraft, will cause the weather broadcast stations to
take over a more valuable function than ever before. It is with these
factors in mind that the Bureau of Air Commerce has been endeavoring
to develop a system which would provide for continuous range and
broadcast service.

The general method of attack has been to transmit weather broad-
casts and radio range signals simultaneously on the same radio -fre-
quency channel and separate them by means of audio -frequency filters
in the receiver output. In order to accomplish this, two separate an-
tenna systems are used at the transmitting station. A single tower
radiates a circuler carrier frequency (fc) field pattern which is modu-
lated by speech during weather broadcasts and which at all times
heterodynes with a fixed frequency single side band (fe+1020) radiated
directionally from four towers, symmetrically disposed about the
broadcast tower, and keyed in the conventional A -N manner to pro-
duce the range courses. (See Figs. 1 and 2.)

The audio frequency selected for the range is 1020 cycles which
appears to be best from several considerations such as, minimum mask-
ing effect due to engine noises and static, easily readable, and may be
produced readily by means of synchronous machines, if required. The
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1020 -cycle audio -frequency difference between carrier and single side
band may be obtained either from a single side -band generator modu-
lated by a synchronous alternator or a tuning fork or by means of two
matched A -cut quartz plates which excite two separate radio -frequency
channels. Both methods have been used although the latter method

SINGLE SIDE BAND ANTENNA

CARRIER ANTENNA

`TRANSMITTER MOUSE

gzSINSLE
SIDEBAR() ANTENNA

OISI

Fig. 1-Layout of radio range plot and antenna system.

has proved to be simpler and more reliable. In order to avoid inter-
ference between the 1020 -cycle heterodyne, and the speech frequencies
during weather broadcasts, a filter which eliminates the band of fre-
quencies between 830 and 1252 cycles is inserted in the line which
carries the speech input to the modulator of the carrier transmitter.
A similar filter is used in the output of the aircraft receiver to pass the

COURSE

a.
SIDE BAND FIELD((. 102C)

CARRIER FIELD 00

COURSE

Fig. 2-Field pattern of simultaneous radio range and broadcast station.

voice frequencies and eliminate the range signal, in conjunction with a
band-pass filter which passes only the range signal and eliminates the
voice frequencies. This combination permits optional reception of
either range or weather broadcasts or the simultaneous reception of
both if one pilot flies the range while the other receives the weather.
Fairly satisfactory simultaneous reception of both services is also pos-
sible without the use of a filter, as the pilot may concentrate on either
service desired; however, the use of a filter is highly desirable in order
to realize the full advantages of the simultaneous system.
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The filter unit which has been developed consists of a single section
band-pass and a single section band -elimination filter connected with
parallel inputs. This unit is very compact, weighs only three and a

INPUT

PHONE OUTPUT

L3 C3 C3 L3

4 RANGE OUTPUT

VALUES OF CIRCUIT ELEMENTS
SAND ELIMINATION

CI L2 ufd.

C2 .414 ufd.

LI .0203 henries

L2 .0589 henries

BAND PASS

C3 .11 08

C4 4.93 ufd.

L3 .222 henries

L4 .00495 henries

CharoOmIeflo Mweelan4e 300 ohms

Fig. 3-Schematic diagram of aircraft filter unit.

quarter pounds and is relatively inexpensive. The band-pass section
is designed for minimum attenuation at 1020 cycles with cutoff fre-
quencies at 919 and 1132 cycles. The characteristic impedance is 300
ohms at the frequency of minimum attenuation. The band -elimination

S,

20

10

60

CYCLES PER SECOND

Fig. 4-Characteristic curves of aircraft filter unit.

section is designed for maximum attenuation at 1020 cycles with cutoff
frequencies of 830 and 1252 cycles. The characteristic impedance is 300
ohms at 2000 cycles, and remains substantially constant over the non -
attenuating range.
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In Figs. 3 and 4 are shown a schematic diagram and characteristic
curves of the complete aircraft filter. Mechanically the entire unit is
constructed in a case 21" X 3/" X 5".

The band -elimination filter which is used in the microphone circuit
at the transmitter consists of two sections of the same type as are used
in the aircraft. The cutoff frequencies are 830 and 1252 cycles with
maximum attenuation at 1020 cycles and the characteristic impedance
is made 600 ohms at 2000 cycles to match the impedance of the line
and line amplifier equipment. The characteristic curve of this filter is
shown in Fig. 5.

CYCLES PER SECOND

g g gggl
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Fig. 5-Characteristic curve of the band -elimination filter used at the transmit-
ting station to eliminate frequencies in the neighborhood of 1020 cycles from
the speech during broadcasts.

The filter which has been adopted is probably the best compromise
under the prevailing circumstances. While it would be highly desirable
to reduce the minimum attenuation of the aircraft band-pass section
below the 6.0 decibels which is obtained, it is necessary to consider
the increased weight and bulk which would result if this was done. If
a sharper band-pass characteristic is used, difficulty is encountered in
the form of high insertion loss and ringing following static crashes or
any form of transient noise, and no particular advantage is gained from
the standpoint of voice interference with the range signals. This latter
is governed chiefly by the distortion present in the receiver detector
rather than by direct interference between speech and range signals
through the filter.



Jackson and Stuart: Radio Range and Telephone Transmission 319

The method of detection used in the reception of simultaneous
range and telephone transmission is an important phase of the de-
velopment. An analysis of the detection of the type of signal under
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Fig. 6-Square-law detection of a single side -band tone for a fixed superimposed
speech modulation of M =0.70. Distortion expressed as per cent single side -
band tone fundamental.
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Fig. 7-Square-law detection of a single side-band tone for a fixed superimposed
speech modulation of M =0.50. Distortion expressed as per cent single side -
band tone fundamental.

consideration by means of a square -law or parabolic rectifier shows

that the distortion is so great as to render its use impractical in the

present application. (See Figs. 6 and 7.) However, if a linear detector

is used, the distortion is not excessive provided the single side -band
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modulation does not exceed thirty per cent and the speech modulation
does not exceed seventy per cent. The most serious type of distortion
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Fig. 8-Linear detection of a single side -band tone for a fixed superimposed
speech modulation of M =0.70. Distortion expressed as per cent of singleside -band tone fundamental.

is that which gives rise to frequencies of (P+ U)/27r, (P ± 2 (7)/27'
(2P± U)/27r, (2P + 2 U)/2r, etc.,, all of which may be of such a value
as to pass through the aircraft band-pass filter, and cause interference
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Fig. 9-Linear detection of a single side -band tone for a fixed superimposed
speech modulation of M =0.50. Distortion expressed as per cent of singleside -band tone fundamental.

with the range signals in addition to their deleterious effect on the
quality of the voice. Also harmonic distortion of the range signals

1 Refer to Appendix for definitions of P and U.
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passes through the band -elimination filter and interferes with the
speech during broadcasts; however, this type of interference is much
less serious than the former. From the curves of Fig. 8, it may be
seen that no serious distortion of any kind occurs if the percentage of
single side -band modulation does not exceed thirty. In Fig. 9, it may
be seen that the distortion increases if the voice modulation is de-
creased to fifty per cent and the single side -band modulation is in-
creased to fifty per cent.

The chief advantages of the single side -band system, as employed
here lies in the simplicity of the equipment required and the fact that
variation in phase between the carrier and single side band has no
effect. Two transmitters, one of which can be modulated by speech,

10

,? 80

0
1-

O
60

2

O

2U

0 tO 20 30
D Et TONE MODULATION m X 100 %

Fig. 10-Square-law detection of a double side -band tone for a fixed superim-
posed speech modulation of M = 0.70. Distortion expressed as per cent of
tone fundamental.

together with the antenna and coupling apparatus which is used at all
ranges is all of the radio -frequency equipment that is necessary for
simultaneous transmission. Perhaps the most objectionable feature of
the single side -band system is the necessity for operating the single side
band at moderate percentages of modulation in order to avoid high de-
tector distortion when the voice and range signals are transmitted
simultaneously.

It is possible to obtain distortionless reception at considerably
higher levels of modulation if two side -band frequencies, symmetri-
cal with respect to the carrier, are transmitted from the corner towers,
and the receiver detector characteristic is essentially linear. Square-

,' law detection of this type of transmission will cause excessive distortion
which will render the range and telephone signals unsatisfactory. (See
Figs. 10 and 11.) In order to provide for double side-band transmission,
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it is necessary that both transmitters be excited from a common radio -
frequency source, and that the side -band transmitter be of the bal-
anced modulator suppressed carrier type. Also means must be provided.
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Fig. 11-Square-law detection of a double side -band tone for a fixed superim-
posed speech modulation of M = 0.50. Distortion expressed as per cent of
tone fundamental.
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Fig. 12-Curves showing the relationship between fundamental and second har-
monic output from linear detection of double side -band transmission as the
carrier phase is varied.

for adjusting and maintaining the phase of the carrier so that it is of
the proper value to combine with the side bands in the receiver detec-
tor. While the carrier phase is not very critical, some distortion will be
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present unless it is maintained within approximately plus or minus
thirty degrees of the correct value. (See Fig. 12.) The most objection-
able feature of the double side -band system is the necessary use of a
balanced modulator with matched tubes in the modulated radio -fre-
quency amplifier. Little experience has been had with the operation of
this type of equipment, but it is anticipated that considerable mainte-
nance would be necessary to insure satisfactory operation at all times.

On the other hand, the double side -band system has the advantage
that this is much freer of distortion than the single side -band system
and permits the use of higher modulation percentages with a conse-
quent economy of power. A discussion of detector distortion of single
and double side -band transmission as it relates to the problem of pro-
viding simultaneous radio range and telephone transmission appears
in the appendix.

APPENDIX

Detector Distortion for Cases of Single and Double
Side -Band Transmission

Inasmuch as a brief analysis of square -law detection of the single
and double side -band transmission under consideration discloses the
fact that in each case the resulting distortion is of sufficient magnitude

application (see Figs.
6, 7, 10, and 11) we shall confine ourselves to consideration of the linear
type of detector.
Double Side -Band Case

If a speech modulated carrier is radiated from the center tower
and two symmetrical side bands from the corner towers, the voltage
input to a receiver at some remote point will be given by

E0 = E M cos Pt) cos (Wt 4.) cos (W U)t

cos (W - U)t)

where,

(1)

W/27= radio carrier frequency
P/27 =speech modulation frequency
U/2ir = side -band modulation frequency

= arbitrary phase angle assigned to the carrier
E = carrier voltage

M X 100 = per cent modulation of the carrier by speech fre-
quency (P)/(27)

m X100 = per cent modulation of the carrier by side -band mod-
ulation frequency (U)/(27).
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We may rewrite (1) in the form

E0 = E((1 M cos Pt)2 + 2m cos 0 cos Ut(1 + M cos Pt)
1/2

m2 cos2 Ut) cos (Wt - (2)

where 3=f (U, t) may be neglected without affecting the calculation
of the audio frequencies.2 If a voltage of the form (2) is applied to a
linear detector, the detector output will be directly proportional to the
coefficient of cos (Wt+ 3). If we put 0 = 0, the detected signal will be

E0' = E'((1 + M cos Pt) + m cos Ut)

and no distortion will occur provided

m + M < 1.

(3)

(4)

If 4) has a value other than zero the detected signal will be given by

= E'((1 + M cos Pt)2 + 2m cos 0 cos Ut(1 + M cos Pt)
cos2 Uty12 (5)

from which the frequency components must be obtained by expansion.
We may rewrite (5) as

E0' = E/(1 M cos Pt)(1 + 2Z cos 0 + 2.2)1J2 (6)
or,

E0'=E'(1+M cos Pt)(1+2Z cos 0+Z2)(1+2Z cos 0+Z2)-1/2
where,

m cos Ut
Z = < 1.

1 ± M cos Pt

(7)

The function (1+2Z cos 0+Z2)-1/2 may be expanded in a power
series in Z, the coefficients of which are Legendrian polynomials in
cos 0; i. e.,

(1 + 2Z cos + Z2)-1/2 = E pn(cos cozn.
n=0

The terms (1+M cos Pt) -9 which occur may in turn be expanded
by the binomial theorem and the frequency components determined.
Carrying out this process we obtain

2 C. B. Aiken, PRoc. I.R.E., vol. 21, pp. 601-630; April, (1933).
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si
E0' - E' + m2 n2 3m464 sin2
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4
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It may be seen by inspection of (8) that all of the distortion terms,
with the exception of the even harmonics of U, are very small for values
of 0 even up to forty-five degrees, provided that m and M are each
less than 0.50. It would thus appear, therefore, that in a practical ap-
plication the phase angle could easily be maintained within limits
which would render detection of this type of transmission essentially
distortionless. In Fig. 12, curves of double side -band fundamental, and
second harmonic against 0 are shown for M =0 and m = 0.4. It is seen
that the effect of increasing 0 from zero to ninety degrees is to reduce
the fundamental output to zero and at the same time increase the even
harmonic distortion.

Single Side -Band Case

When only a single side band is radiated from the corner towers to
heterodyne with the speech modulated carrier the phase angle 0 loses
its significance, and the expression from which the detector output fre-
quencies are to be calculated becomes

\1/2
E0' = E'((1 M cos Pt)2 + 2m cos Ut(1 M cos Pt) + nt2 . (9)

The frequency components obtained by expansion of (9) have already
been calculated by Aiken.2 In his notation this case is covered by put-
ting his m =0 and our m = k. The curves of Figs. 8 and 9 shows the
variation of distortion with percentage single side -band modulation for
a fixed value of M. From an examination of these curves it is seen that
the distortion is not great if the single side -band modulation is kept at
a comparatively low level.
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FREQUENCY ERRORS IN RADIO -FREQUENCY AMMETERS*

BY

J. D. WALLACE AND A. H. MOORE
(Naval Research Laboratory, Bellevue, Anacostia, D. C.)

Summary-This paper discusses from a theoretical standpoint the various
types of frequency errors in thermal ammeters, describes methods of calibration of
current measuring instruments at radio frequencies, and furnishes some data as to
the accuracy of certain commonly used instruments at frequencies up to 100 mega-
cycles. Frequency errors are determined in the low range instruments and in the high
range instruments (ten amperes full scale or larger) at the lower radio frequencies
(below thirty megacycles) by means of specially constructed tungsten filament lamps,
a photoelectric cell, and a direct -current instrument for measuring the output of the
cell, this equipment being used as a transfer device in comparing two currents, one at
sixty cycles and the other at the applied radio frequency. Frequency errors 2n the
high range instruments above thirty megacycles are determined by a substitution
method. By this means, the reading of an ammeter under test may be compared with
that of another instrument in which the frequency error has already been determined
(with calibrating lamps, etc.), using an additional instrument in the circuit to insure
that no change in circuit current has occurred. The following facts were established
by this investigation: Frequency errors in many of the commonly used instruments
are considerable at frequencies up to one hundred megacycles; the direction of these
errors is such as to cause the instrument to indicate too great a current; the error
becomes greater as the full scale current range of the instrument increases, in any
particular design of instrument except in the case of the sensitive instruments (0.5
ampere full scale or less); frequency errors in a well -designed instrument of three
amperes full scale or larger are due principally to "skin effect" in the instrument
heater.

FOR many years the radio art has been in need of means of ac-
curately measuring current-one of the fundamental electrical
quantities-at high radio frequencies, and until recently, little

investigation has been conducted upon this subject.
The two methods of high -frequency calibration of 'thermocouple

ammeters described herein have been employed by other investigators,
but as there are little published data available, this article has been pre-
pared both to indicate the magnitude of frequency errors commonly
encountered in ordinary thermal instruments and to furnish sufficient
information concerning the design of apparatus and the testing pro-
cedure to enable others to calibrate instruments for any particular use.

All methods of determining the magnitude of an alternating cur-
rent are based upon one of three of its effects, the magnetic effect, the

* Decimal classification: R242.12. Original manuscript received by the In-
n stitute, October 21, 1936. The views expressed herein are the personal ones of

the authors, and are not to be interpreted as the expression of an official opinion
of the Naval Research Laboratory or the Navy Department.
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heating effect, or the voltage drop resulting from passing the current
through a known impedance. Current measuring devices whose opera-
tion depends upon the force of a magnetic field produced by the cur-rent, while very satisfactory at commercial power frequencies and at
those falling in the lower portion of the audio -frequency band, are inmost instances, unsuitable even at lowest commonly used radio fre-
quency, for their impedance is usually fairly high, and their character-
istics depend considerably upon the applied frequency. Methods ofcurrent determination dependent upon measurement of voltage drop
produced across an impedance by passage of the unknown current be-
come unsuitable at the high frequencies since it is difficult to measureboth the voltage drop and impedance accurately. High-frequency cur-
rent measuring equipment of the type which relies upon the heating
effect of the current has in most cases been preferable to all others. The
most widely used device of this nature, the thermocouple ammeter,while more satisfactory than any of the other types, in certain applica-
tions can hardly be considered as a current measuring instrument, but
more nearly as a current indicator. Thermal ammeters commercially
available are usually calibrated with sixty -cycle alternating current,and it is obvious that radio-frequency current measurements madewith such an instrument are in error if the applied frequency is highenough to cause a change in the operating characteristics of the instru-ment.

One characteristic of thermal ammeters which is dependent uponthe operating frequency, and will therefore cause a frequency error,
will be discussed. From a consideration of the electrical properties andphysical size of heaters customarily employed in thermocouple am
meters, an increase in heater resistance with frequency is to be expected
because of the "skin effect." When the high -frequency resistance of theheater of an instrument is greater than its low-frequency value, the
instrument readings obtained from passing currents of the same valuebut differing considerably in frequency would not be the same; and the
apparent current indicated at the high frequency would be greater.
Consequently, this effect would cause an instrument calibrated at alow frequency to indicate more current than was actually flowing at ahigh frequency, the discrepancy increasing with frequency, as thechange in resistance resulting from "skin effect" increases with fre-
quency. Since the required cross-sectional area of the heater of an
instrument increases as the full scale current range increases, and sincethe increase in resistance of a conductor due to "skin effect" increases
with cross-sectional area, a greater frequency error would be expectedin a high current range instrument than in one of lower range at any
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particular frequency. This type of frequency error may be referred to
as the "skin effect error," and its effect is to cause an instrument to
indicate more current than is actually flowing in the circuit.

There are several other causes of frequency errors in thermal instru-
ments, as the following discussion will indicate. One type of error
occurs at operating frequencies sufficiently great to allow impedances
of the heater and the capacitive path in shunt with the heater (intro-
duced principally by' the dielectric path through the insulating ma-
terial _on which the instrument terminals are mounted) to become
comparable, thereby causing some of the current to be diverted from
the heater. Another source of frequency error may be introduced by
the induction of eddy currents in the thermocouple by current passing
through the heater, the induced currents usually being greater at radio
frequencies than at the calibrating frequency. An additional type of
frequency error may occur in "bridge type" thermocouple instruments,
if the two radio -frequency current paths have unequal impedances,
which causes the high -frequency current distribution to differ from
that at the calibrating frequency. These sources of frequency errors
are mentioned; however, a theoretical analysis indicates that in all
except the sensitive instruments, a much greater inaccuracy from "skin
effect error" would be expected than from any of the others.

From the foregoing discussion, it is evident that considerable in-
accuracies may be expected in thermal ammeters at radio frequencies.
It would be difficult to compute a correction factor for an instrument,
as it would not, in all instances, be possible to obtain the necessary
data on which to base a calculation. In addition, a correction factor
based upon computation alone should not be relied upon without ex-
perimental verification. Obviously, there is need of some practical
method of determination of the accuracy of instruments at radio fre-
quencies. This may be accomplished by use of some auxiliary device
whose action and operation are such that no appreciable frequency
errors are present, or whose errors are small and of such a nature that
suitable frequency corrections may be readily applied.

In order to determine the frequency error in a thermal ammeter at
radio frequencies, a suitable calibrating device may be placed in series
with the instrument which will conform to requirements stated in the
previous paragraph. In addition this device should be compact and
capable of being associated with the instrument in such a manner to
assure that the current through each is as nearly the same as possible.
From a consideration of the three methods of determination of the
magnitude of an alternating current discussed previously, it appears
that the most suitable radio -frequency calibrating device would be
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one whose operation relied upon the heating effect of the current.
A specially constructed, straight wire, evacuated, tungsten filament
lamp would be well adapted for this purpose, as it may be constructed
small in physical dimensions and could be inserted in a circuit very
close to the instrument under test, thereby assuring that approxi-
mately the same radio -frequency current passes through both. By
means of such a lamp, two currents, one at a radio frequency, and the
other at a very low frequency (sixty cycles, for example) may be com-
pared by the relative intensity of the luminous output of the lamp
filament. If one of the currents is varied until the luminous outputs
are equal then the two currents are equal when the lamp filament
resistance is the same at the two frequencies. A photoelectric cell and
suitable galvanometer may be used as an indicator of equal luminous
outputs. By means of such equipment, a current at a frequency of
sixty cycles may be adjusted until it is the equal of a radio -frequency
current, and by determining the value of current at the lower frequency
with a suitable instrument, the radio -frequency current may be
evaluated.

Lamps employed in the calibration of radio -frequency instruments
are subject to certain of the frequency errors which affect instruments.
It is usually possible to design a lamp having much less frequency error
than an instrument of comparable current range. For the same values
of current, a tungsten filament may be employed which is considerably
smaller in diameter than that required in a material suitable to serve
as an instrument heater, the reduction in diameter being approxi-
mately thirty-five per cent. Obviously the change in resistance due to
"skin effect" would be less in the lamp filament, other factors being
equal. It is also possible to construct a lamp of smaller shunt capacitance
than is possible in an instrument, the reduction thereof being of the
order of ten to one. Single filament lamps would not be suitable for use
in calibrating the high current range instruments (four amperes full
scale or larger), as changes in the filament resistance from "skin effect"
would become excessive. Suitable lamps for the high -frequency cali-
bration of such instruments may be constructed with a number of small
size filaments in parallel, arranged in such a manner that the im-
pedance of each of the paths is equal or as nearly so as possible. The
size of the filaments may be so chosen that, in most instances, the
change in resistance with frequency is inappreciable; and in other cases,
so that the increase is small. The effect of these changes in resistance,
when appreciable, may be eliminated by the application of a suitable
correction factor, which may be applied by means of the computed
increase in lamp filament resistance as determinedly any of the for -

4
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mulas suitable for this purpose. Since tungsten has a considerable
temperature coefficient of resistance per unit volume, and since the
increase in resistance is a function of this quantity, it may appear that
an individual frequency correction would be necessary at each operat-
ing temperature, or that the radio -frequency resistance of a lamp
filament would be a function of both frequency and operating current.
If the operating conditions were so chosen that the increase in re-
sistance were large, this would be the case, but if they are selected so
that the increase is small (eight per cent or less) at the average operat-
ing temperatures, the change in the "increase in resistance" resulting
from operation at other temperatures (or currents) becomes a second
order effect, and "skin effect" corrections may be applied on the basis
that the increase in resistance is a constant at any operating current
without introducing serious error. A considerable error may be toler-
ated in a correction which is no greater than eight per cent. It will sub-
sequently be shown that the ratio of high -frequency resistance to that
at a low -frequency is not a governing factor in "skin effect" corrections,
but that the square root of this ratio is the factor, which further re-
duce3 any error introduced by the assumption that the resistance ratio,
when the increase is small, is not a function of operating current.
Multiple filament lamps may be placed with respect to the photocell
in such a manner that light from all of the filaments actuates the cell,
and if the radio -frequency current distribution between the filaments
differed slightly from that at the calibrating frequency, errors thereby
introduced would be partially compensated for, as the effect of addi-
tional illumination in filaments conducting too much of the radio -
frequency current would be somewhat offset by the reduction in illumi-
nation afforded by those conducting less than their portion of the
current. Lamps used as calibrating devices have one disadvantage, as
their operating current range is somewhat limited. The useful operat-
ing range of a lamp is from its maximum current carrying capacity to
approximately sixty-five per cent of that value, smaller currents pro-
ducing insufficient illumination to actuate a photocell. In order to
calibrate an instrument completely it will therefore be necessary to
employ two or more lamps.

The method of applying "skin effect" corrections to results obtained
in calibrating instruments by means of lamps will be described. When
a current of radio frequency and that of low frequency produce the
same intensity of illumination in a lamp filament, the powers dissi-
pated under both conditions are equal, and the terms which express
this power are equal, and are shown by the following equation:

12Ro = /2R (1)
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where,
/0= low -frequency current in amperes
R0=low-frequency resistance of lamp filament in ohms
/ = radio -frequency current in amperes

R =radio -frequency resistance of lamp filament in ohms.

Equation (1) may be rearranged as follows:

/0/ = (2)
-\/R/Ro

By means of (2) the radio -frequency current through a lamp may be
found from the measured value of current at sixty cycles required to
produce the same degree of illumination. It is by no means necessary
to apply such a correction to all results, as in many cases there is no
appreciable increase in resistance. The value of R/Ro may be computed
with the following formula:'

R/Ro = 0.25 + /(0.75)6 (V2)' (3)
where,

V2 -
r2d2,of

4r.109
and,

d= diameter of filament in centimeters
µ.=permeability of filament material
f= frequency in cycles per second
r = resistance per unit volume of the filament in ohms -centimeters.

It may be noted that the value of resistance per unit volume of the
material is a factor in (3), which in the case of tungsten at the average
operating temperature (2000 degrees centigrade) is 65 X10-6 ohms-
centimeters. "Skin effect" corrections in multiple filament lamps are
made on the basis of that in one of the filaments. In multiple filament
lamps the spacing between filaments was fifty times the filament diam-
eter or greater. Therefore, it may be assumed that the resistance change
with frequency (in percentage) in a multiple filament lamp is approxi-
mately the same as that for one of the filaments.

A substitution method may be also employed in the calibration of
instruments at high frequencies. By this means the reading of the
instrument to be calibrated is compared with one which has been
previously calibrated by means of tungsten lamps. It might appear
that the instruments could be placed in series and their readings com-
pared in that manner. However, it is difficult to be certain that the

1 M. Mathieu, L'Onde Electrique, vol. 9, p. 139; March, (1930).
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same current passes through both instruments, when their physical
size, capacitance :to ground, etc., are considered. Instruments may be
compared by means of a circuit provided with positions for two instru-
ments, as described in the discussion to follow. One instrument, in
which the frequency error has already been determined, hereafter
designated as the "standard," is placed in one position; and another
one, which may be termed a "reference instrument," is placed in the
other. The readings of these two instruments may be compared simul-
taneously, and the true current in the circuit at the position occupied
by the "standard" may be determined in terms of the reading of the
"reference instrument." After this relationship has been established,
any other instrument whose accuracy is to be checked may be placed
in the position occupied by the "standard," and thereby calibrated.
This method is particularly convenient for calibrating high range in-
struments, as some difficulty is encountered in calibrating them at
high frequencies with lamps, as it is difficult to obtain sufficient cali-
brating circuit current with the resistance of the lamp imparted to the
circuit. Tests by the substitution method can be conducted much
more rapidly than with lamps. The substitution method has one other
advantage, as the "skin effect" error in instruments makes it possible
to compare the reading of a low range instrument, previously cali-
brated with a lamp, with an instrument of higher range, which is to be
calibrated. For example, a 7.5 -ampere instrument may be used as a
"standard" and a ten -ampere instrument as a "reference instrument."
At a frequency of thirty megacycles, both instruments will indicate
somewhere in the region of full scale deflection simultaneously, the
discrepancy in current reading being produced by the greater "skin
effect" error in the ten -ampere instrument. After the relationship
between the reading of the "reference instrument" and the true radio -
frequency current at the position occupied by the standard has been
established, the "standard" may be replaced with a fifteen -ampere
instrument; and in this condition the ten -ampere "reference instru-
ment" will indicate full scale when the fifteen -ampere instrument in-
dicates somewhere near full scale reading. It is not always possible to
calibrate the instrument completely up to full scale deflection; how-
ever, it is usually possible to make a calibration up to a point great
enough to determine the performance of the instrument.

In calibrating an ammeter at radio frequency, it would be necessary
to use a radio -frequency current as free from harmonics and spurious
oscillations as possible, as currents of any frequency other than at the
calibrating frequency may affect the lamp and instrument differently,
thereby introducing calibration errors. The instrument and lamp may
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be placed in a tuned circuit and loosely coupled, either inductively or
through a suitable transmission line, to a source of radio -frequency
power, thereby reducing to a very small value currents of any ex-
traneous frequency.

I Fig. 1 illustrates diagrammatically the arrangement of the ap-
paratus used in instrument calibration by means of lamps, and Fig. 2

60 CYCLE
POWER SUPPLY

CALIBRATING LAMP

TUNED CIRCUIT PHOTO -ELECTRIC CELL

I

TRANSMISSION
LINE

L_
R.F. OSCILLATOR LOW POTENTIALTERMINAL

LIGHT PROOF SHIELDED BOX

Fig. 1-Circuit and apparatus used in thermal ammeter
calibration by means of lamps.

indicates the circuits used in the substitution method. No description
of the testing procedure will be furnished, for it is obvious from the
foregoing 'discussion. The question may arise as to which of the instru-
ment terminals is grounded during the test, as indicated in Figs. 1

4

GALVANOMETER

INSTRUMENT
UNDER TEST

ELECTRO-DYNAMOMETER
AMMETER

TUNED CIRCUIT REFERENCE INSTRUMENT

TRANSMISSION r -
LINE

E OSCILLATOR
_J

STANDARD OR INSTRUMENT LOW POTENTIAL TERMINAL
UNDER TEST

Fig. 2-Circuit and apparatus used in thermal ammeter
calibration by the substitution method.

and 2. It is conventional practice in thermal instrument manufacture
to connect electrically the permanent magnet, bezel ring, scale (if of
metallic construction), moving coil, etc., of the instrument to one of
the instrument terminals, thereby from a structural viewpoint making
it the low potential terminal. This terminal was the one connected to
ground during test.
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By means of fifteen specially designed straight wire filament cali-
brating lamps, a current range from fifty milliamperes to twenty am -

A

6.1..Iilili1,1I1llililt1 1 1 Lit1 1 1 1 1 1 1

CM 1 2 3 4 5 6 7 8 9 1011 12 1314 15 1617 18

Fig. 3 -Calibrating lamp design.

peres may be attained. The design and characteristics of these lamps
.are shown in Fig. 3 and Table I. Single filament lamps are used in in-
strument calibration below three amperes, and lamps of the multiple

TABLE I
CALIBRATING LAMP DESIGN DATA

NOTE: Length of all lamp filaments approximately 2.5 centimeters.

Lamp
No.

Current Range
(amps.)

Resistance
(ohms)

Fil. Diam.
(cm)

For Design
Note

No. of
Fils.

Diam. Fil.
Assembly.

(cm)

A 0.05- 0.07 125 -168 0.0013 Fig. 3A -
B 0.08- 0.12 56 - 75 0.0018 Fig. 3A 1 -
C 0.11- 0.2 25 - 37 0.0025 Fig. 3A 1 -
D 0.2 - 0.34 10 - 13.4 0.0038 Fig. 3A 1 -
E 0.34- 0.5 5.5 - 7.3 0.0051 Fig. 3A 1 -
F 0.63- 0.9 2.1 - 3.0 0.0076 Fig. 3A 1 -
G 1.0 - 1.4 1.2 - 1.6 0.010 Fig. 3A 1 -
II 1.5 - 2.2 0.8 - 1.1 0.0127 Fig. 3A 1 -
I 2.0 - 2.8 0.5 - 0.8 0.0152 Fig. 3A 1 -
J* 3.0 - 4.4 0.4 - 0.6 0.0127 Fig. 3B 2 -
K* 4.4 - 6.6 0.35- 0.5 0.0127 Fig. 3C 3 1.3
L** 6.0 - 9.0 0.27- 0.38 0.0127 Fig. 3C 4 2.0
Al** 7.4 -10.5 0.23- 0.35 0.0127 Fig. 3C 5 2.3
N** 10.3 -14.7 0.14- 0.21 0.0127 Fig. 3C 7 2.6
0** 14.0 -20.0 0.07- 0.11 0.0152 Fig. 3C 7 2.6

 Inverted "L" type of filament mounting used. Spacing between filaments 0.6 centimeter.
** "Squirrel -cage" assembly of filaments used.

filament type are used for greater currents. The increase in lamp re-
sistance with frequency due to "skin effect," when appreciable, is
shown in Table II.
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Of approximately one hundred instrument calibration curves ob-
tained by means of lamps, several typical ones which are illustrative
of the nature of such data are furnished in Fig. 4. The excellent agree-
ment between various lamps when used to calibrate different portions
of the scale of an instrument is shown, particularly in the case of the

TABLE II
RATIO OF RADIO -FREQUENCY RESISTANCE TO LOW -FREQUENCY RESISTANCE

OF CALIBRATING LAMP FILAMENTS AT VARIOUS FREQUENCIES
Norz: Computations based on the average filament operating temperature,2000 degrees centigrade, at whichthe resistance per unit volume of tungsten is 65  10-, ohms -centimeters. The increase in resistanceof lamp nos. A to F, inclusive, is inappreciable at frequencies up to 100 megacycles. Equation (3)used on computation.

Lamp
No.

Fil. Diam..
(cm.)

Ratio of High -Frequency to Low -Frequency Resistance

30 mo. 45 me. 80 mc. 80 mc. 100 mc.
G
H, J, K, L,
M, and N
I and 0

0.010

0.0127
0.0152

1.000

1.00
1.01

1.000

1.01
1.04

1.01

1.03
1.08

1.02

1.07

1.04

 Lamp not used at these frequencies

calibration of a twenty -ampere instrument (No. 22) where five mul-
tiple filament lamps were employed. No calibration curves obtained
by the substitution method will be furnished in this paper as they
would impart little additional information. In all cases it was noted
that the true radio -frequency current was proportional to the instru-

500MA(NO.

400

z
cc 300

Si

cc 200

100

0

50 D MA.INS T.-100 MCS.

(NO.
8 AMP6..4).11) -

20 AMP INE'T.
15 1sICS.(NO 22)

C

4
A

2
/4.,',.." 7.5

60
AMP.

14C11.610.14)
INS T.,'S'0 -

20AMPS.(N0.o. 4

15

10

0

LAMPS USED
NO. C

D o
E

1

J x

K 
L

M 
N 
0 

125 250 375 500 MA.(NO. 8)
O 2 4 6 8AMPS410.14)
O 5 10 15 20AMPS. (N0.22)

READING OF INSTRUMENT

Fig. 4-Radio-frequency calibration curves of thermal
ammeters obtained by means of lamps.

ment reading. Therefore, it is unnecessary to have an actual radio -
frequency calibration curve for use with an instrument, as the true
current may be computed from its reading when their ratio has been
established experimentally. This ratio may be termed a "multiplying
factor," which is defined as the ratio of the true radio -frequency cur-
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rent to the reading of the instrument produced by this current. Thus
the true radio -frequency current indicated by an instrument is the
product of the instrument reading and the multiplying factor. In
Table III, the multiplying factors of a number of instruments are
shown, all of these instruments being of the three and a half -inch, self-
contained, switchboard type.

TABLE III
MULTIPLYING FACTORS OF INSTRUMENTS AT VARIOUS FREQUENCIES

NOTE: Multiplying factor is defined as the ratio of the true radio -frequency current through the instrument
to the instrument reading obtained thereby. The values shown below were obtained both by means of
calibrating lamps and by the substitution method, the method used being indicated below. The values
of multiplying factor differing somewhat from 100 per cent at sixty cycles indicate slight basic errors
in the calibration of the instrument.

Inst. No. Range
Multiplying Factor-Per Cent

60 cycles 15 me 30 me 45 mc 60 me 80 me 100 mc

1 125 ma 101 - 101 - 97 91 87
2 125 ma 101 - 85 - 81 61 55
3 150 ma 101 - 99 96 87 82
4 250 ma 101 - 100 98 88 79
5 250 ma 102 - 100 - 99 95 94
6 250 ma 103 - 94 87 75 68
7 500 ma 102 - 101 - 97 95 94
8 500 ma 101 - 100 98 95 94 ,
9 500 ma 100 - 96 89 74 65

10 1 amp 100 - 100 97 93 91
11 1 amp 100 - 99 84 79 66
12 1.5 amp 105 - 100 - 95 93 87
13 3 amp 100 97 91 85 79 72 69
14 7.5 amp 100 92 83 75 70 - -
15 10 amp 102 94 87 83* 81* - -
16 10 amp 101 91 84 78* 76* - -
17 15 amp 100 83 68 61* 57* - -
18 15 amp 100 81 68 60* 55* - -
19 15 amp 101 88 79 74* 70* -
20 15 amp 102 90 83 79* 77* -
21 20 amp 102 90 86 81* 75* -
22 20 amp 101 86 81 76* 70* -

* These results obtained by the substitution method, all others by means of calibrating lamps.

It may be noted that many of the commonly used ranges of instru-
ments have considerable frequency error at frequencies customarily
employed.

An estimate of probable error in data submitted in this paper is
furnished. The largest source of error in instrument calibrations is
introduced by the possibility that the radio -frequency current through
the instrument and lamp may not be exactly the same because of the
by-passing effect of stray capacitances. The discrepancy between the
currents in the two parts will likely increase with frequency, thereby
causing the error to depend upon the frequency. Results obtained.in
instrument calibrations can be reproduced to within three per cent at
the highest test frequency, and to within one per cent at the lower
frequencies. The accuracy of calibrations is probably within five per
cent at fifteen megacycles and within twelve per cent at one hundred
megacycles, the accuracy at intermediate frequencies falling between
these estimated percentages.
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It has previously been stated that a theoretical analysis indicates
the frequency error in the higher current ranges of radio -frequency
ammeters is principally due to "skin effect" in the instrument heater,
and the following information will indicate that this fact has been
shown experimentally. Upon the assumption that the above statement
is true, it is possible to compute the radio -frequency multiplying factor
for any particular range of instrument from the diameter and electrical
properties of its heater. If the computed and experimentally measured
values of multiplying factor are substantially the same, this would be
indicative that this assumption is correct. The means by which the
multiplying factor of an instrument may be computed will first be
described. Referring to the discussion of "skin effect errors" in cali-
brating lamps, it is not difficult to realize that a similar effect occurs
in an instrument heater. Equation (1) may therefore be rewritten to
express the effect of the applied frequency upon the indication of an
instrument as follows:

= -100 = M (4)

where,
I" -- radio -frequency current through instrument
I' =instrument reading produced by the current I", assuming the

instrument calibrated at a low frequency (sixty cycles)
R" = radio -frequency resistance of instrument heater
R' =low -frequency resistance of instrument heater
M = multiplying factor of instrument expressed in per cent.

The term R' /R" is a function of frequency, and may be computed from
the diameter and specific resistance of the heater at various frequencies
by means of (3). The multiplying factors of three of the instruments
listed in Table III were computed, and the values of these factors both
by calculation and by experimental determination are illustrated
graphically in Fig. 5. Agreement between computed and observed
values is as close as could have been expected. It is thereby illustrated
that the frequency error in the higher current ranges of instruments
at commonly used frequencies is due principally to "skin effect" in the
instrument heater..

It would not be difficult for manufacturers to supply with their
,
instruments frequency correction data over the commonly used fre-
quency bands. It is not suggested that every instrument be individ-
ually calibrated, but that composite correction data be furnished with
a statement as to what degree the information may be relied upon in
the individual instrument. From a consideration of the degree of fre-
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quency errors encountered, and since an error in an instrument pro-
duces an error more than twice as great (in percentage) in power deter-

minations, the need for information of this nature is readily appre-
ciated.

INSTRUMENT
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Fig. 5-Computed and observed values of multiplying
factors of instruments.
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Summarizing the results of this investigation, it may be stated that:

(1). It is possible to calibrate any of the commonly used ranges of
thermal ammeters over the frequency ranges customarily em-
ployed in various types of radio activities.

(2). Frequency errors in commonly used ranges of instruments are
considerable over the customarily employed frequency bands.

(3). The direction of frequency errors is such as to cause an instru-
ment to indicate more current than is actually passing through
the instrument.

(4). Frequency errors in thermal instruments increase with fre-
quency.

(5). Frequency errors (except in the case of sensitive instruments
-0.5 ampere full scale or less) are usually greater in high
current range instruments than in those of a lower range at any
particular frequency, in instruments which are otherwise
identical in design.

(6). Frequency errors in well -designed instruments of full scale
current ranges of three amperes or greater are due principally
to "skin effect" in the instrument heater.
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A GRAPHICAL DESIGN OF AN INTERMEDIATE -FREQUENCY
TRANSFORMER WITH VARIABLE SELECTIVITY*
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Summary-The following discussion deals with a graphical method for de-signing an intermediate -frequency transformer for variable selectivity using themethod of varying the coupling. A brief theory of the graphs precedes the application
of the graphs to an actual problem.

INTRODUCTION

RECENTLY there have appeared several devices for varying the
selectivity of an intermediate -frequency transformer. One
method has been to vary the coupling between primary and

secondary; it is the simplest of the various schemes. The following
discussion deals with the design of such a transformer by a graphical
method which comes from treating usual equations in a slightly differ-
ent way.

THEORY

The constants of the two circuits forming the intermediate -fre-
quency transformer are similar, so that the analysis is simplified. Sup-
pose it is required to design a transformer whose band width is say

Fig. 1

Afm taken between any two points such as ab or cd on the selectivity
curve, Fig. 1, and then to contract this band width to its smallest
possible value Afc; the dip in the selectivity curve at resonance must
not exceed a certain amount n, from the maxima on each side of reso-nance.

The full schematic sketch of an intermediate -frequency transformer
is shown in Fig. 2a. For purposes of analysis we may consider a cer-
tain effective electromotive force (E), as acting in series with the tuning
condenser, C1, and as far as the transformer is concerned, forget the
circuit to the left of terminals 1-2. This assumption can be rigorously

* Decimal classification: R382. Original manuscript received by the Insti-tute, April 6, 1936. Revised manuscript received by the Institute, October 15,1936.
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proved by Thevenin's theorem. The circuit can be reduced, for design
purposes, to the form shown in Fig. 2b.

R= Ri= R2

L= L1= L2

C= C i= C2
6.

Fig. 2

The following equations may be written describing the conditions
existing in the intermediate -frequency transformer; reference is made
to Fig. 2b.

1E --jR jw.L
jc4C)

- jcoMi2

1
0 = (- jcoM)ii (R jwL i2.

jceC

Solving for the ratio EWE, where Ec is the output voltage across con-
denser C2 at any frequency off resonance, we get (if the analysis is
taken between the points where Ec/E=0.707, or points a- b in
Fig. 1)

R4 +2R2m2 02 _ 2) + m4 (2w 04 _ co4) -2R2X2+2w2X2M2 - X4 = 0 (1)

upon substituting
R 1

= =
cool, Q

M
- kL -

2(coo - w)L = X

-=sk
p

R

L
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equation (1) becomes

- co' 2c004 - CO4
t4 [ 1 + 282 s4

WO2 WO4

t2C8(wo- W)2- 8,^s2 -
)21-

16 (Wo - Co) 4 = 0.
Coo

When the above equation is solved for t, we get the following as a very
good approximation

R t 4/8(1 - s2) 8-\/2 2,84

2rL (f0
2(1 + 282 + s4)

This is the equation of a straight line having a slope,

m = 8(1 - 82) + 8A/2 2s4

2(1 + 2.82 s4)

(2)

(3)

and passing through the origin.
Table I shows a set of calculated values of m for Fig. 3 using (2).
Before showing Table I, it may not be amiss to mention the fact

that at the optimum coupling of two similar coils, w2m2 = R2 so that at
overcoupling w2m2 = s2 R2 where s is a constant for a particular degree
of overcoupling, it can be shown that

2s Ecr-n = (see Fig. 1).
1 s2 Ec

TABLE I

(4)

Per cent dip (n) s m Per cent dip (n) a m

0.0 1.0 1.414 0.0 1.0 1.4140.5 1.1 1.281 - 0.5 0.9 1.5691.6 1.2 1.170 - 2.5 0.8 1.7403.3 1.3 1.073 - 6.0 0.7 1.9405.4 1.4 0.993 -18.0 0.8 2.1507.7 1.5 0.915
10.0 1.6 0.858

To use Fig. 3, suppose we choose the maximum permissible band
width from resonance (fo-f); i.e., the total band width would be
twice this, and the permissible dip at resonance (the corresponding s)
we at once find R/2irL which when divided by the intermediate fre-
quency gives the value of p; upon inversion it becomes Q. Therefrom,
we find all the other quantities such as the coefficient of coupling, the re-
sistance R and the others. It is necessary, however, to make a choice
of the tuning condenser C before this can be done. To illustrate, sup-
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pose the maximum upper modulating frequency is 10,000 cycles and
we permit a ten per cent dip at resonance, s =1.6, then from Fig. 3
R/27rL = 8.6 dividing by the intermediate frequency of 465 kilocycles
gives p =1.85 X10-2 and Q=54. This is the Q of each coil. By choosing

a tuning condenser of C = 70 rnicromicrofarads, then L=1/wo2C = 1.66

41--Ai
6

4 dkIL lIN5. 4'
im:°°111

___Hi,it AfirV-r
7

14----
77 A r 4inir-

11: marryir/r
=mum .w.wi 4141

2aro,
ff./4./

,
dii

rr,,,;.,,ii

.'AlAA i ti ii 'E3 C:ZIC L_Of&

Fig. 3

millihenrys. Since Q is known we calculate R=90 ohms. The mutual
inductance M is found from co02M2= 82R2 and in this case M = 4.97
X10-5 henrys. The coefficient of coupling k = M/L = 2.97 X10-2. The
minimum upper modulating frequency to which we can contract can
be found by simply projecting over to the line where s=0 (Fig. 3).
Thus when s= 1.6 and (fo-f)= 10,000 cycles we find the minimum
upper modulating frequency to be 2875 cycles. The amplification at
this frequency is zero. Thus it is obvious that with the circuit con-
stants used here, it is possible to vary the band width between 5750
and 20,000 cycles. This, of course, is accomplished by varying the
coupling between the coils.
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A similar analysis was carried through for points c and d (Fig. 1).
This analysis yields

R
2

-L = t = (wo 1/82 - 1

78

28

4ly

BzwyLkforbz 04' - .511107M-
111 I

Fig. 4

(5)

This equation is plotted in Fig. 4. The graph can be used in the same
manner as Fig. 4 with the exception that s must obviously be greater
than one if it is to be defined in the same way as it was in the first case.
Table II shows the values calculated from (5).

TABLE II

Per cent dip (n)
m

0
0.5
1.8
3.3
5.4
7.7
10.0

1.0
1.1
1.2
1.3
1.4
1.5
1.6

3.15
2.13
1.70
1.44
1.26
1.13
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CONCLUSION

The results obtained from the graphical method shown are within
the limits of engineering accuracy and the laborious mathematics of the

more precise solutions is minimized. The approximate method outlined
here does not involve a knowledge of the intermediate frequency for a

a solution of L/R.
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ULTRA -SHORT-WAVE PROPAGATION ALONG THE
CURVED EARTH'S SURFACE*

BY

PAUL VON HANDEL AND WOLFGANG PFISTER

Summary-The penetration of ultra -short-wave radiation beyond the range of
optical sight is dependent on the diffraction and refraction of the rays. Proceeding
from an analogy to optics the diffraction is calculated by various methods. It is found
that calculation of the ray distribution beyond the line of sight yields the best agree-
ment with measurement. The practical application of the results of calculation is
represented by curves which give the decrease of field intensity with distance for vari-
ous elevations in the whole range of wave lengths at present of interest. The curves are
substantiated by airplane measurements. Measurements of the influence of refraction
are appended.

I. INTRODUCTION

N AN earlier paper' an investigation was made of the radiation
characteristics of ultra -short-wave antennas including effects of
ground constants. Several curves of propagation of ultra -short

waves over great distances obtained by airplane measurements were
given. The penetration of the rays beyond the line of sight was shown
to be caused by two agencies: refraction of the rays in the atmosphere
and diffraction at the earth's surface. The influence of diffraction is
independent of diurnal and seasonal times. The calculation of diffrac-
tion together with measured values of field intensity gives information
as to the relative field intensities produced by diffraction and re-
fraction.

II. CALCULATION OF DIFFRACTION

1. Calculations in Optics

An analogy to the present problem of the diffraction of ultra -short
waves along the earth's surface is found in optics in the problem of the
diffraction at a sharp straight edge. Two methods of solving this prob-
lem are known. Fresnel's method is based on Huyghens' principle; in
it the diffracting screen is treated as if it completely absorbed the
electromagnetic waves. An exact calculation for an ideal reflecting
screen was carried through by Sommerfeld. For the case where the

* Decimal classification: R113. Report of the Deutschen Versuchsanstalt
fur Luftfahrt, E. V., Berlin-Adlershof, Germany. Translated from H ochfre-
quenztechnik und Elektroakustik, vol. 47, no. 6, pp. 182-190, June, (1936), by
Martin Katzin. Translation received by the Institute, September 24, 1936.

P. von Handel and W. Pfister, "Investigations of the radiation field of
ultra -short-wave antennas," Hochfrequenz. und Elektroak., vol. 46, pp. 8-15,
(1935).
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screen is approximately perpendicular to the line joining the source of
light and the point of observation both methods lead to the same re-
sult. This good agreement holds for a point of observation behind the
screen which is sufficiently far away from it, but not in the immediate
vicinity of the screen.'

2. Calculation by Huyghens' Principle for Ultra -Short Waves

A treatment of the diffraction problem for ultra -short waves by
Huyghens' principle was carried out by P. S. Epstein' under the as-
sumption of completely absorbing earth. He replaced the earth in

Fig. 1-Equivalence of the earth's surface to an
absorbing screen M -N, due to Epstein.

first approximation by an absorbing screen whose position is deter-
mined by the tangents from the transmitter and from the receiver, as
shown in Fig. 1. If we replace the radiating surface of the transmitting
antenna arrangement which Epstein introduces, by a single radiator of
length X/2, then the field intensity at the point P is determined from
the formula

60J / XL2
e =

27rd V L,L,

where J is the transmitting antenna current, and the lengths d, L1,
L2, and L in meters are to be taken from Fig. 1. Since in this no account
is taken of reflection at the earth's surface, incorrect results are ob-
tained when the transmitter and receiver are too close to the ground
(P). For greater heights of transmitter and receiver we can assume as
in the above analogous example in optics, that the properties of the

2 For detailed treatment see M. Born, "Optics," Chap. IV. Julius Springer,
Berlin, 1933.

3 P. S. Epstein, "On the bending of electromagnetic microwaves below the
horizon," Proc. Nat. Acad. Sci., vol. 21, pp. 62-68, (1935).
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ground no longer enter, so that then correct results are to be expected(F').

For low heights it must be remembered that the radiation diagram
for shallow vertical angles approaches zero. Correspondingly, Bur-
rows, Decino, and Hunt4 have inserted negative images for transmitter
and receiver in their calculations. The result for low heights below the
first maximum of radiation can be written in the following form for a
X/2 antenna:

60J 47rhilz2e = F v/m (2)
R RX

where R is the distance, h1 and h2 the heights of transmitter and re-
ceiver, respectively, in meters. In the original formula the factor

sin 2irhih2/XR

27riiih2/XR

which represents the formation of maxima and minima, is also included.
But since maxima and minima in this form are not found below the
line of sight, this factor is deleted from (2). The first two factors give
the field intensity for plane earth; the factor F takes into account the
additional attenuation due to diffraction. In the paper referredsto it is
calculated by Epstein's method. It will be shown later that by this
method much too large values are obtained at great distances.

3. Calculation of the Decrease of Field Intensity From the Distribution
of Rays Beyond the Line of Sight

Since a deviation from rectilinear propagation of electromagnetic
radiation (homogeneous atmosphere assumed) can take place only in
the immediate vicinity of the earth's surface, we get for diffraction
around the earth fundamentally the radiation distribution shown in
Fig. 2. The height H above the earth, up to which a curved ray dis-
tribution can be assumed, decreases with the wave length. The de-
crease of field intensity along the rectilinear portion of a ray shown in
Fig. 2 can be shown to follow the following law:

const.e =
-VR- VR -Lx

For in the horizontal plane the rays diverge from the transmitter, so
that the field decreases as the square root of the distance R. On the

4 C. R. Burrows, A. Decino, and L. E. Hunt, "Ultra -short-wave propagation
over land," Paoc. I.R.E., vol. 23, pp. 1507-1535; December, (1935).
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other hand, the rays diverge in the vertical plane, as is shown in Fig. 2,
from the point S'. The distance of this point from the emitter is
designated by x and is different for each ray. The decrease of field
intensity in the vertical plane is thus as 1/VR- X. To calculate
the field intensity at greater altitudes h we can neglect Hand figure as

Fig. 2-Schematic representation of the course of the diffracted rays.

though the rays beyond optical sight leave the earth tangentially. We
then obtain the relation

R - x = -V2ah = 3.55-Vh, R and x in km, h in m,
radius of the earth a = 6380 km.

The decrease of field intensity with distance x has been calculated for
perfectly conducting earth by Poin care, -Watson, and Laporte, the
screening factor in their formula being

6 = 2 0, 0376X -1/3x

X in m; x in km.
A clear description of the formula is to be found in a paper by

Burrows.5
In Section II, Part 1 it was shown in an optical example that the elec-

trical constants of a diffracting screen do not affect the result if the
point of observation lies sufficiently far from the screen. Analogous to
this we can here also treat the earth's surface as a perfect conductor for
greater elevations. If we then also introduce into the expression for
the decrease of field intensity along a single ray the screening factor,
which gives the decrease of ray density with distance x, we obtain

A. e-0.076x--113.(R-3.55,ri)
(3)

ATE  -V3.55N/li

The field intensity is thus determined within the amplitude A.

6 C. R. Burrows, "Radio propagation over spherical earth," Puoc. I.R.E.,
vol. 23, pp. 470-480; May, (1935).
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4. Calculation of the Field Intensity Within the Line of Sight

The amplitude A includes those factors (antenna current, direc-
tivity, and antenna height) which also affect the field intensity within
the line of sight. The determination of A is based on the evaluation of
the radiation characteristic of the transmitter, which results from the
superposition of the direct ray and the ray reflected at the curved
earth's surface (Fig. 3). For shallow elevation angles the reflection
coefficient can be set equal to -1 and the effective value of the field
intensity for a X/2 antenna becomes

60J 27(b + c - R)
El 2 10-3 v/m. 4)=- sin

X 2

R, b, c, in kilometers are as in Fig. 3, where as ordinates are plotted the
heights to a greatly expanded scale.

Fig. 3-Reflection of the rays at the curved earth.

For low heights s we can write

S2 52
b c -R = +

2b 2(R - b)

s is composed of a portion below and a portion above the tangent from
the emitter to the earth's surface

- 3.55-VH 2s -
+R [h -VT/

)213.55 3.R55

R - b b(R - b)=H +h - 
R 3.552

The distance b of the reflection point from the emitter is determined
from the condition that the path difference between the direct and re-
flected rays must be a minimum. The equation for this is
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h H 2b -R
R - b b 3.552 -0.

Fig. 4 shows the variation of the field intensity of the radiation of a
X/2 dipole thirty meters high for an altitude of 6000 meters calculated
in this manner. Calculations were made for waves from ten centimeters
to ten meters. The abscissas are distances from the transmitter, up to
the line of sight, the ordinates give the field intensity in pv/m for one -
ampere antenna current.
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Fig. 4-Field intensity vs. distance within the line of sight. Transmitting antenna

30 meters high. Received at 6000 meters altitude.

5. Determination of the Field Intensity for tie Region Beyond the Line

of Sight
In Section III the decrease of field intensity in the region beyond

the line of sight was calculated. The amplitude factor A was at first
left undetermined. Since we can assume that within the line of sight
the influence of diffraction in the maximum of the radiation is negligi-
ble and furthermore the transition at the line of sight must be continu-
ous, we arrive at a picture of the field strength variation as shown in
Fig. 5. The points entered are measurements of the Witzleben tele-
vision transmitter made at two altitudes in an airplane. The curve cal-
culated from (4) for a height of 2000 meters is drawn in. The decrease
of field intensity in the region beyond optical sight is determined from
(3). This curve is drawn in the figure so as to form a continuous transi-
tion from the first curve. The calculated fields agree well with the

c- measured values. The error in the amplitude A which can be made in
matching the two curves together is relatively small. Also the error
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which results from the fact that actually the radiation maximum at the
limit of optical sight is somewhat displaced by diffraction is not ap-
preciable.
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Fig. 5-Field intensity vs. distance. Transmitting
antenna 135 meters high. X=7 meters.
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Fig. 6-Field intensity vs altitude. Distance 335 kilometers. X = 7 meters.

6. Extension to Arbitrary Altitudes
The derivation of (3) assumes rectilinear ray distribution and

holds, therefore, as pointed out in Section III, only for greater alti-
tudes. The variation of the field intensity with height for a constant
distance can be calculated from (3) and is plotted in Fig. 6. For moder-
ate altitudes below the range of validity this curve is drawn in dotted.

At moderate altitudes the field intensity must increase linearly
with the height [equation (2)]. This linear variation is plotted in Fig. 6
in a manner such that it joins the other smoothly.
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The variation of field intensity with altitude drawn in Fig. 6 can
be coupled with the variation of field intensity for the two rather great
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Fig. 7-Field intensity vs. distance for various altitudes.
Transmitting antenna 135 meters high. X =7 meters.

altitudes (2000 and 5000 meters) drawn in Fig. 5 to yield variations for
other altitudes. Such a plot is shown in Fig. 7. For many purposes it ap-
pears clearer to show the variation of altitude with distance for a
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Fig. 8-Curves of constant field intensity. Height of trans-
mitting antenna 135 meters. X =7 meters.

constant field intensity. Such a family of curves is immediately de-
s,-

rivable from Fig. 7 by plotting the heights associated with a constant
field intensity, as in Fig. 8. The units on the calculated curves give the
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field intensity in Av/m  amp. The heavy curves are measured in flight,
their variation being in good agreement with calculation. Only for
very low altitudes does calculation give somewhat greater field inten-
sity than measurement. This can be explained by the fact that calcula-
tion is carried out for a flat spherical earth's surface, while wavy and
built-up terrain distorts the radiation distribution in the vicinity of the
ground.
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Fig. 9-Field intensity vs. distance for various a titudes.
Transmitting antenna 30 meters high. X =10 meters.

III. PRACTICAL EVALUATION OF THE RESULTS OF CALCULATION

Figs. 9 to 16 show the variation of field intensity with distance
for the whole wave range from ten centimeters to ten meters, which is
at present of interest. The curves are calculated corresponding to the
example of Fig. 7, for a transmitting antenna height of thirty meters
above the ground. The ordinates are mv/m  amp., giving the field
intensity relative to the current in a X/2 antenna. In Fig. 14, six meas-
ured points are entered for comparison with the calculated curves,
being the field intensity decrease in relative values for X = 73 centimeters
measured by Trevor and George.6

The relative values for the curves of Figs. 9 to 16, which are drawn
for a transmitting antenna height of thirty meters, are given by (3).

6 B. Trevor and R. W. George. "Notes on propagation at a wavelength of
seventy-three centimeters," PROC. I.R.E., vol. 23, pp. 461-469; May, (1935).
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Fig. 10-Field intensity vs. distance fo7 various altitudes.

Transmitting antenna 30 meters high. X =7 meters.

From this equation it is evident that the variation is independent of
the transmitting antenna height. The effect of the height of the trans-
mitting antenna appears only in the amplitude factor A. The conver-
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Fig. 11-Field intensity vs. distance for various altitudes.
Transmitting antenna 30 meters high. X =4 meters.
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Fig. 12-Field intensity vs. distance for various altitudes.
Transmitting antenna 30 meters high. X =2 meters.

sion factor by which the field intensity as a function of transmitting
antenna height must be multiplied is shown in Fig. 17, again for the
whole wave range. This family 'of curves was calculated from the
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Fig. 13-Field intensity vs. distance for various altitudes.
Transmitting antenna 30 meters high. X =1 meter.
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Fig. 14-Field intensity vs. distance for various altitudes.
Transmitting antenna 30 meters high. X =50 centimeters.
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variation of field intensity with altitude shown in Fig. 6 by applica-
tion of the reciprocity theorem.

Directive systems increase the field intensity by the square root of
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Fig. 15-Field intensity vs. distance for various altitudes.
Transmitting antenna 30 meters high. X = 25 centimeters.



358 von Handel and Pfister: Ultra -Short -Wave Propagation

the area of the antenna system expressed in wave lengths. For a direc-
tive system with reflector the increase of field intensity can therefore
be taken into account by the factor

F 2N 0.335
VF  N, (5)117 V/ 4 Rs X

where F is the area of the directive antenna in m2, N the antenna power
in watts and R,, the radiation resistance of a X/2 dipole.

The use of the curves will be illustrated in the following by means
of some examples:

1. X = 7 m.; emitter height 1000 m.; emitter power 7 kw.; altitude
5000 m.; distance 500 km. From Fig. 10 we find for an emitter current
J= V7000/70=10 amp. a field intensity of 3.1 µv/m. The conversion
factor from 30 m. antenna height from Fig. 17 is 33.5. We thus obtain
a field intensity of E = 104 µv/m.

If we figure the same example by Epstein's method [equation (1)]
we get

60.10 / 7.3206 =
271- 7000 1/ 180.500-10'

106 = 68µv/m.

Burrows' method [equation (2)] gives for this example

60  10 47r 1000  5000 1e
500.500-7 22

= 980µv/m.

2. X = 7; emitter height 30 m.; emitter power 7 kw.; altitude 200 m.;
distance 300 km.

From Figs. 10 and 17 we find, as above,

E = 3.5µv/m.

Epstein's method [equation (1)] gives for this case

60.10 / 7.165
E = 106 = 85µv/m.

2r . 6000 1/ 135.300.10'

By Burrows' method [equation (2)] we find

60.10 4r. 30.200
E = 0.1.106 = 7 . 2/2v/m.

300.103 300  10'  7

3. X = 7; emitter height 1000 m.; emitter power 7 kw.; altitude 500
m.; distance 500 km.
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From Figs. 10 and 17 we find

e = 3.8µv/m.

Epstein's method [equation (1)] gives

1

2

I

6010 7 . 234
106 = 29µv/m.

2.7r  11500 'V266.500.103

A=.1thu

too 380 140

Fig. 16-Field intensity vs. distance fo~ various altitudes.
Transmitting antenna 30 meters high. ' =10 centimeters.

By Burrows' method [equation (2)] we End

60-10-47-1000.500 1
e = =970r/m.

500.500-7 22

359

Comparison of the results by the various methods shows a satisfactory
agreement between the calculations by our method and Epstein's for
large heights (example 1). On the other hand, as already pointed out
in Section II, Part 2, Epstein's method gives much too high values for
small heights (examples 2 and 3).

Burrows' method gives much too high field strength values for
great distances (examples 1 and 3), while for smaller distances for
which the screening has not as yet too great an effect, the results must
become more correct (example 2).
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4. X = 50 cm., N = 20 w.; emitter height 50 m.; directive antenna
with reflector 2 X2 m.; altitude 5000 m.; distance 400 km. From (5) we
find the factor 6. From Fig. 17 we get for 50 -meter emitter height
the factor 1.67. The value for 400 meters taken from Fig. 14 multiplied
by these two factors yields a, field intensity of

6 = 2.9µv/m.
roan
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Fig. 17-Increase of field intensity with height of transmitting
antenna. X =0.1 .... 10 meters.

IV. REFRACTION PHENOMENA
All the calculations and curves treated so far took into account

only diffraction. But occasionally ranges were observed which appreci-
ably exceeded those normally attainable. Fig. 18 shows the results of
measurements of two flights on two days in August, 1935. While the
measured curve at an altitude of 1000 meters agrees well with the
calculated curve, which is drawn in dotted, on another day at an alti-
tude of 4000 meters considerably higher field intensities than calcu-
lated were measured at distances from 460 kilometers on. From among
many observations this flight gave by far the greatest ranges. The
reason for this abnormal behavior lies in a refraction of the waves
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apparently within the troposphere. The appearance of this refraction
phenomenon changes for the most part through very strong variations
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Fig. 18-Example of refraction. Calculated and measured field intensity curves.
Transmitter elevation 1000 meters. Power =7 kilowatts. X =7 meters.
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Fig. 19-Example of temporal field intensity fluctuations.
Section of a recorder record. =7 meters.

of the received intensity, similar to fading in short-wave reception,
while within the diffraction zone the field intensities are very stable.
The form of these temporal variations is shown by Fig. 19, which is
taken from the record of a recorder placed on a mountain 3000 meters
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high. The fluctuations of field intensity here, aside from peaks of a
few seconds duration, amount to about 1:5. On some days practically
no reception was possible. A law connecting reception by day and by
night could not be determined. Similar observations were also made in
other countries. Fig. 20 is taken from a paper by Englund, Crawford,
and Mumford7 and shows the refraction on different days for a 4.6-

meter wave. The curve measured on November 20 corresponds to field
intensity decrease caused by diffraction. On November 1 refraction
entered from about 100 kilometers on and on September 27 from about

20
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Fig. 20-Example of refraction on different days. X =4.6 meters. Taken
from Englund, Crawford, and Mumford.7

65 kilometers on. This result coincides with our own observations that
in summer refraction seems to appear more frequently and strongly
than in winter. Moreover it was observed that, in agreement with the
measured curve from Fig. 20, refraction over sea is stronger than over
land.

With the aid of impulses of duration 3 10-6 second we have at-
tempted to separate the refracted ray from the diffracted ray and to
measure the difference in time of travel. The distance from the trans-
mitter was about 120 kilometers. With this arrangement a reflecting
layer at 3000 meters height would be detectable at least as a splitting
up of the impulse on a cathode-ray tube. However, only amplitude
fluctuations of the impulse were observed. From this it can be con -

7 C. R. Englund, A. B. Crawford, and W. W. Mumford. "Further results
of a study of ultra -short-wave transmission phenomena," Bell Sys. Tech. Jour.,
vol. 14, pp. 369-387; March, (1935).
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eluded that only a diffracted ray is present, which at times is more
strongly bent by refraction in the lower atmospheric layers.*

Nevertheless it must be assumed that at very great distances the
occasional appearance of short -time high field intensities is to be at-
tributed to reflection at a sharply defined layer. Sufficient observa-
tional material is not available at present to clarify these phenomena.

* Translator's Note: The last two paragraphs contain material which was
added after the publication of the or.ginal paper in German. This supplementary
material was received by the translator September 19, 1936.
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BOOK REVIEWS

Electronics and Electron Tubes, by E. D. McArthur. Published by John Wiley
and Sons, Inc., New York, N. Y. 173 pages. Price $2.50.

This is not a radio book; it deals with electron tubes broadly. The author
states that he has tried to meet a part of the demand for information by describ-
ing "the fundamental principles which govern the action of all electron tubes."
The book is descriptive rather than mathematical and is illustrated with 89
figures. One third is devoted to gas- or vapor -filled tubes; this section forms
perhaps the most useful part of the book.

Bibliographies are given at the ends of nine of the ten chapters. These refer
largely to work of the General Electric Company, possibly because the book was
originally published in serial form in the General Electric Review.

The treatment of the problems involved, although simple, is not for be-
ginners, inasmuch as in many cases general statements are made without the
inclusion of the special conditions making valid the discussion.

*B. E. SHACKELFORD

Handbook of Engineering Fundamentals, by Ovid W. Eshbach. Published by
John Wiley and Sons, Inc., New York, N. Y. 1081 pages. Price $5.00.

The title "Handbook of Engineering Fundamentals" makes a special ap-
peal, although one is conscious of a contradiction of terms-handbook suggesting
a collection of facts, fundamentals, basic laws or principles. The expression
"engineering fundamentale conveys the idea of a development of formulas
from basic principles rather than a collection of these formulas. The editor's
preface says "This handbook has been prepared for the purpose of embodying
in a single volume those fundamental laws and theories of science which are basic
to engineering practice," and the publisher speaks of it as including "funda-
mental material underlying all engineering." One in sympathy with these objec-
tives is surprised to find the first 200 pages devoted to mathematical tables,
properties of materials, tables of conversion factors, structural sizes, and interest
tables such as one would expect to find in any handbook. True, the greater part
of this material is useful to most engineers but it is factual rather than funda-
mental. Material related to the various specialized branches of engineering such
as Communication and Electronics, and Electric Power are published as separate
volumes. This will necessarily increase the number of handbooks required by the
individual and the number of places to look for information, but the publishers
feel that engineering science and practice has developed to the point where this
is necessary. Off -setting these disadvantages will be the fuller treatment of the
various specialized topics. A certain amount of duplication appears to be un-
avoidable. Obviously the book under review is intended to furnish only a limited
amount of information on the specialized subjects, possibly enough for those in
other fields.

For those who experience trouble in changing from one system of units to
RCA Manufacturing Company, Ino., RCA Radiotron Division, Harrison, New Jersey.
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another, the conversion tables will be much appreciated. The process is purely
mechanical and it is almost impossible to make an error. However, it does not
help one to understand the transformation, nor is it intended to. Of special value
to the radio engineer is the table of the three -halves power of numbers from 10 to
1000 by units and below 10 by fractional steps. The addition of condensed tables
of trigonometric functions and logarithms woulc be helpful. A good table of
integrals is included. In view of the limited space devoted to Heaviside opera-
tional calculus it is questioned whether the Laplacian transformation will be of

much assistance to the average engineer. Likewise the treatment of deter-
minants is too short to be of much value. Both of these sections could be expanded
with advantage. There is nothing on the convection of heat, friction between
rubber and concrete, etc. In view of the increasing importance of air-condition-
ing this subject should be expanded unless it is taken up in greater detail in
some other handbook. For radio engineers the sections on the theory of me-
chanics, mechanics of materials, and nonmetallic materials are adequate. The
sections on electricity and magnetism, radiation of light, acoustics, meteorology,
and chemistry are of interest.

The publishers deserve the highest praise for adopting an enlarged format,
good paper, and readable type. For the most part the mechanical make-up is

excellent. Two improvements are suggested: a thumb -notch index by subject;
a continuous page numbering system. It is realized that from the publishers'
point of view the section numbering system has definite advantages in getting
out future editions but the publishers do not use the book.

*H. M. TURNER

An Hour a Day with Rider on Automatic Volume Control, by John F. Rider;
John F. Rider, Publisher, 1440 Broadway, New York, N. Y. 94 pages.
Price $.60
This book is intended as an elementary text for servicemen and experi-

menters, and as such it should serve satisfactorily. The explanations of terms
like "time constant" and "delay voltage" are lucid, but wordy and repetitious in
a manner which characterizes the author's style throughout the book. The use
of illustrative examples taken from standard circuit diagrams is commendable.

Although the title suggests a reasonably complete treatment of the sub-
ject of automatic volume control, the book does not mention the occasional
practice of controlling the audio -frequency amplif cation to obtain a more nearly
horizontal automatic volume control characteristic curve. Several relatively com-
plicated systems for obtaining delayed automatic volume control are discussed
in detail, but nothing appears regarding the very common practice of providing
the controlled tubes with self -biasing resistors in order to realize an effective
voltage delay in the operation of the automatic control system. On the contrary,
it is stated several times that the voltage developed across the cathode resistor of
a controlled tube provides a "fixed minimum bias" for the tube. This statement
is not only incorrect but very likely to be misleading to a serviceman attempting
to analyze a series of voltage readings made under operating conditions.

This small volume should be helpful to the novice, but will be of little value
to the engineer or advanced experimenter.

(ALBERT R. HODGES

* Yale University, New Haven, Connecticut.
t Associate, Ralph H. Langley, Consulting Engineer, New York, N. Y.
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BOOKLETS, CATALOGS, AND PAMPHLETS RECEIVED

The following commercial publications of radio engineering interest
have been received by the Institute. You can obtain a copy of any
item without charge by addressing the issuing company and men-
tioning your affiliation with the Institute of Radio Engineers.

COAXIAL CABLE  Specifications for a new line of radio -frequency power -
transmission cable, gas filled. (2 pages, 81 X11 inches, printed.) Communica-
tion Products, Inc., 245 Custer Avenue, Jersey City, N. J.
COMPONENTS  A wide variety of variable air condensers, coil forms, inter-
mediate -frequency transformers, etc. are described in "The Hammarlund '37'
Catalog." (16 pages, 81 X10/ inches, printed.)-Hammarlund Manufacturing
Company, Inc., 424-438 West 33rd Street, New York, N. Y.

INSTRUMENTS  A new loose-leaf catalog describes some 25 "Measuring and
Testing Instruments for the Electrical and Allied Industries." (52 pages +
cover, 81 X11 inches, printed.)-Marconi-Ekco Instruments Ltd., Electra House,
Victoria Embankment, London, W.C.2, England.

INTERFERENCE ELIMINATION  Article under this title in "The Aerovox Re-
search Worker" describes filter circuits. (4 pages, 81 X11 inches, printed.)-
Aerovox Corporation, 70 Washington Street, Brooklyn, N. Y.

LOUDSPEAKER  Catalog page describes two new 15 -inch heavy-duty speak-
ers. (2 pages, 81 X11 inches, printed.)-The Magnavox Company, 2131 Bueter
Road, Fort Wayne, Ind.

MICROPHONES  Data Sheet No. 125 gives specifications on three "ultra wide -
range crystal microphones." (2 pages, 81 X11 inches, lithographed.)-Shure
Brothers, 225 West Huron Street, Chicago, Ill.

NICKEL ALLOYS  Booklet describes engineering applications of the "Monel"
alloys. (48 pages +cover, 9 X12 inches, printed.)-The International Nickel
Company, Inc., 67 Wall Street, New York, N. Y.

NICKEL ALLOYS  Physical characteristics and uses of nickel and Monel
Metal in several radio manufacturing applications. (5 pages, 81 X11 inches,
printed.)-Somers Brass Company, Inc., 350 Madison Avenue, New Yok, N. Y.
MUTUAL INDUCTANCE  Instruments and methods for measuring mutual in-
ductance are discussed in the January issue of "The General Radio Experi-
menter." (8 pages, 6X9 inches, printed.)-General Radio Company, 30 State
Street, Cambridge, Mass.

PARTS  "Cat. No. 190" lists a variety of supplies for the experimental lab-
oratory. (36 pages +cover, 88 X10 I, printed.)-Insuline Corporation of America,
23-25 Park Place, New York, N. Y.

PARTS  The coil forms, coil sockets, and other insulated parts used in the
Q -Meter are now available for general sale. (1 page, 81X11 inches, litho-
graphed.)-Boonton Radio Corporation, Boonton, N. J.
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PARTS  Condensers, control resistors and vibrators are listed in this Mal-
lory-Yaxley catalog. (44 pages, 81 X11 inches, printed).-P. R. Mallory & Com-
pany, Inc., Indianapolis, Ind.

PICKUPS  A bulletin "Pick-up Facts" contains specifications for 10 Audak
pickups. (6 pages, 81 X11 inches, printed.)-Audak Company, 500 Fifth Avenue,
New York, N. Y.

PICKUPS  Description of a new "Crystal record reproducer." (4 pages,
81X11 inches.)-Shure Brothers, 225 West Huron Street, Chicago, Ill.

POWER PLANTS  Bulletin describes electric power plants driven by gas en-
gines. For continuous -duty or stand-by service. Outputs up to 60 kilowatts.
(12 pages, 9 X12 inches, printed.)-Lycoming Manufacturing Company, Wil-
liamsport, Pa.

RESISTORS  Catalog Number 15 describes a line of vitreous enameled rheo-
stats and fixed resistors, tap switches, chokes, and attenuators capable of dis-
sipating up to 50 watts. (12 pages, 81X11 inches. printed.)-Ohmite Manufac-
turing Company, 4835 Flournoy Street, Chicago, Ill.

ROCHELLE SALT  "Some Fundamental Characteristics of Rochelle Salt"
is the title of an article beginning in the January issue of "Brush Strokes."
(12 pages, 48X6 inches, printed.)-Brush Development Company, East 4th
and Perkins, Cleveland, Ohio.

TEST INSTRUMENTS  "A design manual of tube and radio testing instru-
ments" illustrates and describes the technical design of meters and circuits
employed in Supreme instruments. (64 pages, 51 X81 inches, printed.)-
Supreme Instruments Corp., Greenwood, Miss.

TUBE DATA (NATIONAL UNION)  Specifications and characteristics on Twin
diode pentodes 6B7, 6B8, and 6B8G; power output tube, 6V6G; medium mu
voltage amplifier 6C5, 6C5G and 6J5G. (12 pages, 81 X11 inches, printed.)-
National Union Laboratories, 1181 McCarter Highway, Newark, N. J.

TUBE DATA (RCA) Application Note No. 67 discusses operation of triodes
and pentodes as resistance -coupled radio -frequency amplifiers. (7 pages, 81 X11
inches, multigraph and lithograph.)-Application Note No. 68 gives design
and operating data on a 55 -watt amplifier using two type 6L6 tubes. (11 pages,
81 X11 inches, multigraph and lithograph.)-RCA Manufacturing Company,
Inc., Harrison, N. J.

TUBE DATA (SYLVANIA)  Third edition of "Technical Manual" gives charac-
teristics and circuit applications for receiving tubes. (184 pages + cover,
41 X94 inches, printed.)-Hygrade Sylvania Corporation, Emporium, Pa.

TUBE DATA (SYLVANIA)  Tabular listing of "Average Characteristics" of
receiving tubes and tube and base diagrams. (5 pages, 81 X11 inches, litho-
graphed.)-Hygrade Sylvania Corporation, Emporium, Pa.

TUBE DATA (WESTINGHOUSE)  Twelve light-sensitive phototubes of both
vacuum and gas -filled types are described in Information Bulletin No. 8. (4
pages, 81 X11 inchei, lithographed.)-Westinghouse Lamp Division, Special
Products Sales Department, Bloomfield, N. J.
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Naval Research Laboratory, 1926 to date. Associate member, Institute of Radio
Engineers, 1929.

+.--wet>-e.;e13..---4



',IN la IN  I  I in  *IN im I Im



 INCONSPICUOUS but important
is the name "Western Electric"
on your telephone.

You may never have noticed
it, yet it has been there for
years. And it has a great deal
to do with the quality and low
cost of telephone service.

Western Electric has been
making Bell System equipment
for over half a century. Its

' specialized production and pur-
chasing enable the operating

companies in the Bell System to
buy equipment and supplies of
the highest quality at reason-
able prices.

Western Electric also main-
tains a nation-wide system for
the rapid delivery of material
and apparatus. This is an im-
portant factor in providing
good telephone service from day
to day and speeding its
restoration in time of fire,
flood or other emergency.

BELL T E L E P H O N SYSTEM
When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.



BEAT

FREQUENCY

OSCILLATOR

TYPE TF. 195

DISTORTION
FACTOR

METER

TYPE TF. 142

Type TF. 195 Type TF. 142
A Mains operated low frequency A portable instrument measuring di -

Source continuously variable from 10 rectly the total harmonic content in
to 12000 cycles per second. The har- the output of audio frequency oscil-
monic content is less than I% over lators and amplifiers.
the greater part of the frequency
range and the Output voltage is Range 0.1% to 50% distortion on
within plus or minus 0.5 db. from 50- frequencies between 100-5000 cycles
12000 cycles per second. per second.

Prices and further particulars of these and other
instruments will be gladly forwarded on request.

MARCONI-EKCO INSTRUMENTS, LTD.
Electra House, Victoria Embankment, London, W.C.2, England

If/hen writing to advertisers mention of the PRocEEDINGs will be mutually helpful.
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Tbe 31m5titute of Rabio (engineers
Incorporated

330 West 42nd Street, New York, N.Y.
APPLICATION FOR ASSOCIATE MEMBERSHIP

(Application forms for other grades of membership are obtainable from the
Institute)

To the Board of Directors
Gentlemen:

I hereby make application for Associate membership in the Institute of Radio
Engineers on the basis of my training and professicnal experience given herewith,
and refer to the members named below who are personally familiar with my work.

I certify that the statements made in the record of my training and profes-
sional experience are correct, and agree if elected, that I will be governed by the
constitution of the Institute as long as I continue a member. Furthermore I agree
to promote the objects of the Institute so far as shall be in my power, and if my
membership shall be discontinued will return my membership badge.

(Sign with pen)

(A.ddress for mail)

(Date) (City and State)

Sponsors:
(Signature of references not required here)

Mr. Mr.

Address Address

City and State City and State

Mr.

Address

City and State
The following extracts from the Constitution govern applications for admission to the

Institute in the Associate grade:
ARTICLE II-MEMBERSHIP

Sec. 1: The membership of the Institute shall consist of:    (c) Associates, who shall be
entitled to all the rights and privileges of the Institute except the right to hold any elective
office specified in Article V. *  

Sec. 4: An Associate shall be not less than twenty-one years of age and shall be a person who
is interested in and connected with the study or application of radio science or the radio arts.

ARTICLE III-ADMISSION AND EXPULSIONS
Sec. 2:    Applicants shall give references to members o! the Institute as follows:    for

the grade of Associate, to three Fellows, Members, or Associates;    Each application for
admission    shall embody a full record of the general technical education of the appli-
cant and of his professional career.

ARTICLE IV-ENTRANCE FEE .AND DUES
Sec. 1:    Entrance fee for the Associate grade of membership is $3.00 and annual dues

are $6.00.

ENTRANCE FEE SHOULD ACCOMPANY APPLICATION
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3" Sq. Triplett Instrument is moving
coil rectifier type. A.C.-D.C. Voltage
Scales Read: 10-50-250:500-1000 at
1000 ohms per volt.
D.C. Milliampere Scale Reads: 1-10-50-
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Ohms Scale Reads: Low 1/2-300; High
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Black Molded Case and Panel.
Size 3IA6 x x 2% in.

WRITE FOR CATALOG
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ELECTRICAL INSTRUMENTS

Pocket
Volt-Ohm-
Milliammeter

For laboratory, shop or
field use. Handy pocket
size yet sturdy and pre-
cision built.

500

Low Loss Selector Switch.
Complete with Alligator Clips, Battery
and Test Leads.
DEALER PRICE $15.00
A complete instrument for all servic-
ing and other needs. Can be used for
all A.C.-D.C. voltage, current and re;
sistance analyses.
Leather Carrying Case, Model 669,
supplied extra. Dealer Price ....$3.00
Very attractive. Of black, heavy leather
with finished edges and strap.

The TriplettTriplett Electrical Instrument Co.
213 Harmon Ave., Bluffton, Ohio

Without obligation please send me
0 More information on Model 666.
0 I am also interested in

Name
Address
City State
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Wet Electrolytics
AEROVOX offers two general types of
wet electrolytics: (1) Standard Con-
densers and (2) Regulating Condensers.
These two types differ from one an-
other by their characteristics in the re-
gion above their normal operating volt-
age rating.

Standard Wet Electrolytics increase in
leakage gradually until the scintillating
voltage of the electrolyte is reached.
Regulating Wet Electrolytics cut off
rather sharply at the regulating voltage,
so that no further increase of voltage
across the condenser is possible and only
the current through the condenser is

increase.

Regardless of your wet electrolytic re-
quirements, AEROVOX either has a
standard type ready or can design a
special type for you. Meanwhile, a vast
wet electrolytic department is prepared
to meet any release schedule.

Consult Us .. .
Place your capacitance problems before us.
Our engineers will gladly cooperate in their
solution. Quotations cheerfully submitted.

AEROVOX CORPORATION
71 WASHINGTON STREET, BR OKLYN, N. Y.

Sates Offices in All Principal ities

When writing to advertisers mention of the PROCEEDINGS will be mutually helpful.
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Course
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selection of suitable microphones for
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SHURE BROTHERS
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"Q"-Measurements
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the radio frequency measurement
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BOONTON RADIO CORPORATION
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or Business Title

Members of the Institute should use this form to notify the Institute
office of a change in their mailing address or the listing of their com-
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THE INSTITUTE OF RADIO ENGINEERS
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us in

the
February

1927
issue.

This
will

make
the

eleventh

year
that

we have
carried

a full
Centralab

schedule

in the
Proceedings.

We sincerely

hope
that

you
will

be with
us for

many

years
to come.
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Since 1927,
story
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years "Centro/oo° hos L
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the
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specify Centro/06."

tPhen

AtiLWAuktf, wiscoNsitv Jr/
g to advertisers pzeo2tion

XXhe
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Yours
very

truly,

John
D. Crawford,

Advertising

Manager
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INSTITUTE SUPPLIES

EMBLEMS
Three styles of emblems are ava fable to members of the Insti-
tute only. They are all of 14k gold with gold lettering on an
enameled Jackground, the color of which indicates the grade
of membership. The approximate size of each emblem is as
illustrated.

The lapel button is supp.ied with a screw back having
jaws which fasten it securely to the coat. The price is
$2.75, postpaid, for any grade.

The pin which is provided with a safety catch may be
obtained for any grade for $3.00, postpaid.

The watch charm is hanisomely finished on both sides
and is equipped with a sus pension ring for attaching to a
watch chain or fob. Price for any grade, $5.00, postpaid.

BINDERS
Binders are available for those who desire to pro-
tect their copies of he PROCEEDINGS with stiff cov-
ers. Each binder will accommodate the twelve month-
ly issues published during the year. These bind
ers are of blue Epanish Grain Fabricoid with

gold letter-
i ng, and
will serve
either as
temporary
transfers or
as perma-
nent bind-
ers. They
are so con-structed
that each
individual

copy of the PROCEEDINGS will lie flat when the p ages are turned. Copies can be
removed from the binder it a few seconds and are not damaged by their insertion.
They are priced at $1.50 each, and the member's name or PROCEEDINGS Volume
Number will be stamped upon the binder in gold 'or $0.50 additional.

BACK ISSUES OF THE PROCEEDINGS
Complete volumes of back issues of the PROCEEDINGS are available in unbound

form for the years 1918, 1921, 1922, 1923, and 19_'6 at $6.75 per year (six issues)
to members. Also complete unbound for 1931, 1933, 1934, and 1935 at $7.50
per year to members. A list of the available miscellaneous copies published
from 1913 on may be obtained from the Secretary. Single copies published prior
to 1927 are sold to members at $1.13 each, and these issued during and after 1927
are $0.75 each. Foreign postage on single copies is $0.10 per copy, making $0.60
on unbound volumes before 1927.

Issues bound in blue buckram for 1922 (six nu nbers) are available at $8.75 to
members. For 1930 and 19.31, they are priced at $9.50 each to members. Foreign
postage is $1.00 additions per volume. Volumes for 1922 and 1926 bound in
Morocco leather are available at $10.25 each to n -embers.

TWENTY -EIGHT -YEAR INDEX
An Index of the PROCEEDINGS for the years 1909.1936, inclusive, is available

at $1.00 per copy. It is extensively cross indexed. The earlier references are to
the PROCEEDINGS of the Wireless Institute; the :PROCEEDINGS of the Institute of
Radio Engineers has been published since 1913.

When ordering any of the above, send remittan -e with order to the Secretary,
Institute of Radio Engineers, 330 West 42nd Street, New York City.



COMPACT DECADE-
RESISTANCE UNITS

MANY electrical circuits require the use of one or more decade-
resistance units of the panel mounting type where use of the

usual decade -resistance box is not possible.

To meet this demand General Radio supplies individual decade units
identical with those used in the G -R Type 602 Decade -Resistance
Boxes. These Type 510 Units have found wide application in experi-
mental equipment and in composite assemblies of special laboratory
apparatus.

The Type 510
EXCELLENT FREQUENCY CHARAC-

TERISTIC-no appreciable error up
to 50 ke.

THOROUGH AGING-to relieve me-
chanical strains and stresses which
might subsequently alter their elec-
trical characteristics.

LOW AND CONSTANT CONTACT RE-
SISTANCE-quadruple-leaf switches
hear on contacts % inch in diam-
eter. Switch resistance is approxi-
mately 0.002 ohm.

LOW TEMPERATURE COEFFICIENT
-less than ±0.002% per dog. C.

Units feature:
at normal operating temperatures.

COMPACTNESS-each unit is self-con-
tained and is assembled around a
one-piece moulded bakelite frame.
The switch and contacts are at the
rear of the assembly A positive -

action cam -type detent mechanism
is used.

The Type 510 Decade -Resistance Units
are supplied with aluminum shield, knob
and etched -metal dial plates in maximum
resistances (with 10 steps for each unit)
from 1 ohm to 100,000 ohms. Prices
range between $8.50 and $14.00.

Write for Bulletin 113-R for complete information

GENERAL RADIO COMPANY
30 STATE STREET CAMBRIDGE, MASSACHUSETTS

GEORGE BANTA PUBLISHING COMPANY, MENASHA, WISCONSIN


